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N PREVIOUS publications'?” it was demonstrated that acute hemorrhage 

in patients with cardiac disease may precipitate acute coronary insufficiency 
which is manifested by characteristic electrocardiographic changes and other 
clinical signs of myocardial ischemia. In fatal cases characteristic anatomic 
changes may be observed in the myocardium.‘ The electrocardiographic changes 
generally consist of RS-T depression or T-wave inversion in one or more leads 
in the absence of RS-T elevation or deep Q waves. The pathologic myocardial 
changes consist of focal necrosis or infarction in the subendocardial layers and 
papillary muscles of the left ventricle. It was emphasized that massive hemor- 
rhage, particularly from the gastrointestinal tract, by causing coronary insuffi- 
ciency and myocardial ischemia and damage may lead to irreversible shock, 
myocardial failure, and finally death, unless the blood loss is stopped or replaced 
promptly. In a recent clinical survey® it was emphasized that bleeding peptic 
ulcer is fatal only in patients over 50 years of age and that in such patients death 
is often caused by complicating coronary insufficiency, myocardial infarction, 
and congestive failure. 

A further clinical study of the effects of hemorrhage on the heart and cir- 
culation was believed advisable in order to establish not only the various factors 
which predispose to coronary insufficiency, but also its earliest clinical and 
electrocardiographic manifestations and the beneficial influence of proper treat- 
ment. It was believed that correlation of daily electrocardiograms with other 
clinical observations would help to clarify the nature of the changes which have 
already been observed in casual electrocardiograms. 


MATERIAL 


Twenty-eight successive cases of acute hemorrhage admitted to the Medical 
Services were utilized for study. The clinical and electrocardiographic mani- 
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festations of coronary insufficiency and the factors responsible for its production 
were investigated. All patients admitted for moderate or severe hemorrhage 


during the period of study were included. 
In the acute stage of hemorrhage electrocardiograms were taken once and 


often twice daily. Subsequent tracings were made at least every second day. 
Each time the electrocardiogram was obtained, the pulse rate, blood pressure, and 


blood hemoglobin were recorded. Notations were also made of the amount of 


hemorrhage, the presence of shock, precordial pain, and heart failure, and whether 
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Graph 1,—Case 1, M. F., a man 79 years old, with a bleeding gastric ulcer and chronic anemia 
Second day: hemoglobin 20 per cent, blood pressure 130/60; fifth day: acute gastric ileus, shock, hemo- 
“globin 75 per cent, blood pressure 90/60; eighth day: recovery, no shock, hemoglobin 76 per cent, 
blood pressure 120/64; fifteenth day: acute hemorrhage, severe shock, hemoglobin 60 per cent, blood 


pressure 65/50. Death occurred on the sixteenth day. 


The degree of hemorrhage was estimated 


All 


a transfusion was administered. 
from the amount of frank blood loss and the result of stool guaiac tests. 
the patients were observed during their entire hospital stay, the duration of 
which ranged from three to eighty-five days. Three of the patients who were 
subsequently operated upon were followed also through their postoperative 


The clinical observations were charted on individual graphs. 
The average 


The oldest 


course. 
Twenty-one men and seven women were studied (Table 1). 


age was 49 years and one-half the patients were over 50 years of age. 
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patient was 79 years, the youngest 17 years. The site of the hemorrhage was 
the gastrointestinal tract in twenty-five patients, the nose and mouth in two pa- 
tients with myelogenous leucemia, and the bronchi in one patient with mediastinal 
neoplasm. All the patients were transfused early, receiving an average of 1,650 
c.c. of whole blood. In most instances the first electrocardiogram was taken 
before the first transfusion. 
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Fig. 1.—-Case 1, same as Graph 1. Second day: normal electrocardiogram despite severe anemia; 
fifth day: electrocardiogram within normal limits despite acute shock; eighth day: paroxysmal auricular 
fibrillation following recovery from gastric ileus; fifteenth day: acute coronary insufficiency due to hem- 
orrhage shock, manifested by RS-T depression and inverted T waves in all leads. 
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RESULTS 


Electrocardiographic Findings.—Standard extremity leads and_ precordial 
leads CF, to CF, were recorded in all twenty-eight cases, while unipolar ex- 
tremity and precordial leads were recorded in twenty cases. All the precordial 
systems (CF, CR, CL, and V) were recorded in ten cases. This report will be 
based primarily on the findings in the CF and Wilson (V) leads, but reference 
will be made to the other leads when necessary to confirm the significance of the 
findings. 

Significant electrocardiographic changes were observed during the acute stage 
of the hemorrhage in twenty-four of the twenty-eight patients (85 per cent). 
In an additional patient the electrocardiogram became abnormal thirteen days 
after the hemorrhage. The changes generally involved the RS-T segment and 
T wave. The RS-T changes consisted of depression ranging from 0.5 to 4.0 mm., 
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| sevenrry HEMOGLOBIN AT) DEGREE 


| | PREVIOUS | 
CASE DIAGNOSIS | SEX | AGE| CARDIOVASCULAR | OF ONSET OF ECG | OF BLOOD | PULSE | 
| } | DISEASE | BLEEDING] CHANGES (%) | SHOCK | PRESSURE | RATE 
| | 
1 M. F. | Bleeding peptic M | 79 | Arteriosclerotic 3+ 65 | 4+ | Fall 120 
uleer 
2 1.D. | Gastrointestinal M | 71 | Arteriosclerotie | 2+ 40 | 2+ | Fall | 105 
bleeding 
3 M.O. | Bleeding duodenal M | 70 | Arteriosclerotic; | 3+ 50 | o+ | Fall 90 
| ulcer hypertrophy of 
left ventricle | 
4 A.K. | Gastrointestinal M | 6 | Arteriosclerotic; 2 45 None | Rise | 105 
bleeding | auricular 
| | fibrillation | 
5 N. H. | Bleeding peptic | Mi | 67 | Arteriosclerotic; 2 | 60 None | Rise 108 
| ulcer | old myocardial 
infarction 
6 SG. | Bleeding duodenal | M | 59 | None 3+ 28 4+ | Fall 130 
| ulcer 
7 H.G. | Mediastinal neoplasm | M 37 | None 3+ 40 None | Fall 110 
| withpulmonary {| | | 
hemorrhage 
8 A.F | Bleeding gastric M | 56 Arterioselerotic 2+ 36 None | Constant 80 
ulcer 
9 A.M. | Bleeding esophageal | M 4 tateiedie 2+ 64 None | Fall 102 
| varices 
10 N.R. | ‘Bleeding euairie | M | 54 Nene 2+ 30 None | Rise 108 
11 I. D. | Bleeding gastric | F | 53 | Hypertensive 3+ 75 2+ | Rise 106 
uleer 
12 JF | Bleeding esophageal | M | 50 | None 3+ 80 | 34+ | Fall | 105 
varices; cirrhosis 
| of liver | | 
13 B.S | Bleeding ‘duodenal F | 51 | Hypertensive | 3+ 40 | None | Rise 88 
14 K.T. | Bleeding duodenal | M | 41 | None | 2+ | 38 | None | Fall 104 
5 LW. Bleeding duodenal M | 49 | Arteriosclerotie | 2+ 50 | None | Fall 100 
ulcer | 
16 H.M.| Bleeding duodenal | F | 48 | Arteriosclerotic | 3+ 35 | None | Rise 106 
ulcer | | 
17 E. W. | Bleeding peptic M | 47 | None | 3+ | 44 | 3+ | Fall 104 
ulcer | 
18 E.M. | Bleeding peptic M | 44 | None } 2+ | 50 Nene ‘Fall | 108 
ulcer 
| 
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Mild 


Severe 


= 
TABLE I 
| 
4, 
1,! 
Severe 25 
25 
ia 
| 1,5 
1,5 
it 
2,00 
1,00 
1,00 
50 
1,500 
1,00( 
2,006 
1,500 


DACK, CORDAY, 


AND MASTER: 


165 


HEART IN ACUTE HEMORRHAGE 


REMARKS 


| Admitted with chronic nutritional anemia; developed fatal 
I gastric hemorrhage of 3 days’ duration; no autopsy 


I. 

BLOOD | 

TRANS- ECG CHANGES DURATION OF | 

FUSION | ECG CHANGES 
— 
4,500 c.c. | RST depressed, T inverted in I, I], III, | 3 days to death 

| Ge | 
None | Deep Q wave in C, to c 6; RST 2 days to death 


| depressed i in I and II, elevated in 
C, to C;; T inverted in IT and iit 


1,500 | T inverted in Leads I ond III, 


1,500 c.c. RST depressed in Il, 4y5y63 
| inverted in C4,5,¢ 
—_ | 
2.500c.c. | RST depressed in I, II, Cs to Ce; 
T inverted in C, to Cy 


2,500.c.c. | RST depressed i in al and II; 
T inverted in C, to Cg 


| inverted in I, IL, III, C, to Ce 


1,500 c.e. 


1,500 e.e. | T inverted inc 1 to Cy 
500 cce. | T low in I, i in 
2,000 ¢ | Ty to 
| or inverted 
1,000 e.c. RST,» depressed; T low i in 
inverted in to Cs 
1,000 e.e .c. | Tis T inv 
in C, to Cg 
500 c.c. | RST depressed in I, Cs and Ce; 
T inverted in C; to Cg 
500 in C; to Cs 
1,500 e.c. RST in I, and 
| T inverted in I, II, Cy, Cs 
100cec. | T isoelectric in C; te Cs 
2,000 c.c. | Deep Q ond RS’ l elev ated i in all 


— leads; T inverted in I, II, 
to C 6 


1,500 | T in to 63 


| Developed secondary ECG changes for 2 days when 
hemoglobin was 70 per cent 


| Bleeding preceded precordial pain and shock; possible 
| myocardial infarction; no autopsy 


2 days ‘Digitalis administered on third day for congestive heart 
| failure; ECG remained slightly abnormal because of 
digitalis 

| 10 days | CL leads showed ECG changes for 5 days longer than 
| CR, CF, or V leads 

2 days | Showed secondary ECG changes on sixth day and after 

operation 

7 days | Marked hemoptysis 

2 days EC G changes developed on 1 13th day; primary and second- 
| ary changes developed after operation 

6 days 

5 days | Exhibited secondary changes after hemorrhage and after 

operation 

2 days Secondary ECG changes developed on sixth day when 


hemoglobin was 75 per cent 


heart negative 


Hemorrhage fatal; autopsy: 


1 day to death 


4 days 
i days Precordial pressure for one day 
3 hours | 
| 
2 days Severe precordial pain radiating to left arm 


10 days to death Myocardial infarction suspected one day after admission; 
sudden death; no autopsy 
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TABLE 


| PREVIOUS SEVERITY HEMOGLOBIN AT DEGREE 
CASE DIAGNOSIS SEX | AGE CARDIOVASCULAR OF ONSET OF ECG OF BLOOD | PULSE 
DISEASE | BLEEDING) CHANGES (7) | SHOCK | PRESSURE | RATE | 
19 R.G. | Bleeding duodenal | F | 41 | None 2 55 | None | Fall 102 | 
ulcer 
20 L.H. | Bleeding esophageal | M = 41 | Myocardial | 3+ 45 | 4+ | Fall 120 
| varices; cirrhosis | infaretion 
| of liver 
21 M.H.)| Bleeding duodenal M | 38 | None 2+ 38 | None | Constant | 100 
ulcer 
22 J.R. | Bleeding gastric uleer |M 36 None 2+ 32 , None | Rise 108 
23. V.G. | Ulcerative colitis F | 33 | None 2+ 55 2+ | Fall | 120 
| | | | 
24 T.R. | Bleeding duodenal F | 33 | None 2+ 32 | None | Rise =| 124 
ulcer 
25 C.R. | Bleeding duodenal | M | 32 | None 2+ 50 None Constant 90 | 
ulcer 
26 A.R. | Bleeding peptic M 31 | None 2+ 55 None | Constant S4 
ulcer | 
27 W.S. | Myelogenous M | 21 | None 2+ 28 | None | Rise 102 
leucemia 
28 K.S. | Myelogenous F | 17 | None 2+ 20 | 2+ | Rise | 120 | 
leucemia 


the average being 1 mm. The T-wave changes consisted of flattening in one case 
and partial or complete inversion in twenty-four cases. Depression of the RS-T 
segment occurred in the standard limb leads in eleven cases and in the precordial 
leads in nine cases. Abnormalities of the T wave were found in the standard 
leads in fifteen cases and in the precordial leads in twenty cases. 

In nineteen of the twenty-five patients with positive electrocardiographic 
findings some abnormality was noted in the first record following admission. 
In four cases the abnormal electrocardiogram was obtained on the second day, 
in one case on the third day, and in one case on the thirteenth day after admission. 
The RS-T and T-wave changes generally developed concurrently (Fig. 1); in 
ten cases, however, T-wave changes appeared in the absence of RS-T depression 
(Figs. 2 and 3). On the other hand, RS-T segment depression showed a tendency 
to appear earlier than the T-wave changes and was more striking in the earlier 
records. In a few cases the T wave did not become abnormal until the third, 
fourth, or fifth day after admission (Figs. 4 and 5). 

The electrocardiographic changes usually progressed during the first three 
or four days after admission to the hospital and then began to regress gradually. 
Thus, the RS-T depression often became more striking and a low T wave became 
inverted in serial tracings taken early in the course of the hemorrhage. In 
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ContT’D 
BLOOD 
TRANS- | ECG CHANGES | DURATION OF | REMARKS 
ST FUSION | ECG CHANGES 
N 
500 c.c. | RST depressed in I, C. to Cy; | 3 days | Severe chest pain on sixth day of hemorrhage 
T low in C, to C, 
= 3,500. ¢.e. | RST depressed in I, C. to C5; 1 day | Patient died; autopsy showed only old myocardial in- 
re T inverted in C, to C, farction 
1,500 e.e. | RST depressed in I, II, C4; 4 days 
| Tinverted in C, # 
1,500 | None 
— 2,000 ¢.c. | RST depressed in I, II, III, Cs to Cs; 10-30 days Patient showed signs of toxicity; autopsy: heart negative 
e T inverted in I and I] 
acs 2,000 ¢.c. | C2 to C; inverted or isoelectric T | 2 days | Showed secondary ECG changes on twelfth day which 
e | lasted 10 days 
1,000 cc. | None 
500 ec. None 
— 3,000 ¢.e. | T),9,. inverted; T low in C, to Cy 7 days At autopsy heart showed no significant abnormalities 
ne 2,000 ¢.c. | RST depressed in Cy to C; 7 days to death 
e T inverted in I, II, Cy to Cy 


several cases the only change observed on admission was notching or flattening 
of the T wave which then became inverted in subsequent records. 

The duration of the electrocardiographic changes ranged from three hours 
to thirty days. In the single patient (Case 23) in whom changes persisted for 
thirty days the factor of toxemia was superimposed on the acute anemia. The 
duration of the RS-T changes in both the standard and precordial leads averaged 
two to six days, while the duration of the T-wave changes averaged five to seven 
days. The latter tended to persist somewhat longer in the precordial than in the 
standard leads. The abnormalities were never permanent; they did not persist 
in any of the patients who recovered from the hemorrhage. 

The frequency of the RS-T and T-wave changes in the various standard and 
precordial limb leads was tabulated. The leads most frequently involved were 
found to be Leads I and II and CF, or V4; the smallest incidence of changes was 
found in Leads III, CF, and CF,. Often, all the precordial leads were abnormal, 
although CF, or V4 was the most frequently affected. 

The unipolar extremity leads were involved with less frequency than the . 
standard limb leads. In the group of twenty patients in whom these leads were a 
recorded, significant changes in aVR were noted in seven cases, in aVy, in eight 
cases, and in aVr in five cases. In the same group of patients Lead I was in- 


168 AMERICAN HEART JOURNAL 


volved in sixteen cases, Lead II in thirteen cases, and Lead III in four cases. 
In only one instance Lead aV, showed an inverted T wave, although the standard 
limb leads remained normal. This was probably a significant change since the 
precordial T waves also became inverted. 

Changes in the precordial leads occurred with greater frequency than in the 
standard or unipolar extremity leads. With a few exceptions they occurred with 
equal frequency in all the precordial systems (CR,CL,CF, and V) and were most 
common in chest positions C; to C;. In several instances T-wave changes were 
most pronounced in one precordial system as compared to the others, due to the 
distorting effects of the extremity potentials." Such distortion effects became 
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Graph 2.—-Case 5, N. H., a man 67 years cld with coronary artery disease, bleeding peptic ulcer, 
and hemoglobin 40 to 60 per cent. There was severe precordial pain radiating down the left arm for 
three days and congestive failure. There was an abnormal electrocardiogram for twelve days. Symp- 
toms and electrocardiographic changes subsided after multiple blood transfusions. 


more prominent in patients with coronary insufficiency as compared to normal 
individuals because in the former there is a progressive lowering of the precordial 
T waves due to an intrinsic change in the myocardium. This reduction in am- 
plitude, visible in the unipolar precordial leads, was often sufficient to allow 


Fig. 2.—Case 5, same as Graph 2. Control electrocardiogram: deep Q2 and Q3;, inverted Ts and 
Ts, indicative of antecedent posterior wall infarction. The precordial lead was normal. First day: 
RS-T was depressed and the T wave inverted in Lead I and all precordial leads, due to acute coronary 
insufficiency secondary to hemorrhage. T; was less inverted. Fourth day: Leads I and V2 were 
normal. Eleventh day: the record now resembles the control tracing. Signs of acute coronary in- 
sufficiency have disappeared. 
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Fig. 2.—(For legend see opposite page.) 
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extremity influence to register inverted T waves in the CF or CL precordial leads. 
In other words, the CF or CL system often exaggerated minor T changes of cor- 
onary insufficiency. This occurred with less frequency in the CR leads which 
require greater potential changes for an effect to be visible in the T waves. 

Delayed Electrocardiographic Changes During the Recovery Phase.—The elec- 
trocardiographic changes described above developed progressively from one to 
four days after admission to the hospital and at a time when the hemorrhage and 
anemia were acute. All but one of the twenty-five patients had shown some 
change at least by the third hospital day, and then there was a more or less rapid 
regression of the changes. In eight of these patients there was observed a recur- 
rence of the abnormal findings after the electrocardiograms had returned to 
normal (Graph 3). These generally consisted of lowering or inversion of the T 
wave. In one additional patient in whom there was no electrocardiographic 
change during the acute phase, positive changes appeared on the thirteenth 
day of hospitalization. In each instance when these delayed T-wave changes 
occurred, the patient was well on the road to recovery. The blood hemoglobin 
had increased (60 to 80 per cent), the blood pressure was restored to normal 
levels, and the patient was ready to be ambulated. 
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Graph 3.—Case 10, N. R., a man 54 years old, with a bleeding peptic ulcer with severe anemia, 
but no shock. Minor electrocardiographic changes occurred during the acute stage and in the recovery 
phase and also following gastroenterostomy. 


The electrocardiographic changes in the recovery phases did not appear and 
disappear suddenly but usually became progressively abnormal. They were 
not always similar to those that occurred in the acute phase. The changes in- 
volved the T wave of the precordial leads in nine cases and the T wave in Leads 
| and aV;y, in one case. Recurrence of RS-T depression was never observed. 
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The transient changes started on the sixth day in three cases, on the tenth day 
in two cases, on the twelfth day in three cases, and on the thirteenth day in one 
case. Their duration ranged from two to thirteen days. 

The incidence of such delayed changes in the recovery phase is distinctly 
higher than the above figures would indicate. If one excludes the seven patients 
who died early from the effects of hemorrhage and the three patients who were 
discharged very soon after admission, one obtains an incidence of nine out of 
eighteen patients who developed such delayed electrocardiographic changes. 
The pathogenesis and significance of these delayed changes will be discussed later. 


4th Day 16th Day 3lst Day 47th Day 52nd Day 


TTT 


lst Day 


Fig. 3.—-Case 10, same as Graph 3. _ First day: normal record except far low T in Leads I and V5; 
fourth day: T normal in all leads; sixteenth day: recurrence of low T in Leads I and Vz. and diphasic 
T in Ve and V;,; thirty-first day: record normal except for low T in V¢; forty-seventh day: following 
gastroenterostomy, low T waves in all standard limb and precordial leads; fifty-second day: record 
normal, 


Postoperative Changes.—In three cases gastric operations were performed for 
treatment of peptic ulcer after recovery from the effects of acute hemorrhage 
(Cases 6, 8, and 10). In all of the three patients electrocardiographic changes 
again developed immediately after operation, similar to those that developed 
after acute hemorrhage (Fig. 3, Graph 3). After two of the patients had re- 
covered from the effects of operation and the electrocardiogram had returned 
to normal, delayed progressive changes again appeared on the sixth and eighth 
postoperative days, respectively, which could not be accounted for by changes in 
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blood pressure, hemoglobin, or body position. In subsequent follow-up examina- 
tions the electrocardiograms were found to be normal. 

Unusual Electrocardiographic Changes.—The electrocardiographic findings 
of RS-T depression and T-wave flattening or inversion, observed in the great 
majority of cases, conformed to those which occur in acute coronary insufficiency 
from any cause. However, in two patients with massive gastrointestinal hemor- 
rhage (Cases 2 and 17), deep Q waves and slightly elevated RS-T segments ap- 
peared in the precordial leads on the second day after admission. These findings 
resembled the pattern of myocardial infarction due to acute coronary occlusion. 
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Graph 4.—Case 12, J. F., a man 50 years old, with bleeding esophageal varices with severe hemor- 
rhage and shock. The hemoglobin was 80 per cent, the blood pressure 90/60. There were electro- 
cardiographic changes on the third day. Death occurred on the fifth day of hemorrhagic shock. 


Both patients had severe pain and shock which terminated fatally. One of the 
patients presented right bundle branch block preterminally. Unfortunately, 
an autopsy could not be obtained in either case, so that it could not be ascer- 
tained whether the myocardial infarction was on the basis of coronary artery 
occlusion or acute coronary insufficiency without occlusion. 


CORRELATION OF ELECTROCARDIOGRAPHIC CHANGES WITH CLINICAL FINDINGS 
Age.—The electrocardiographic changes were more marked and appeared 
following lesser degrees of hemorrhage in the older than in the younger patients. 
The three patients who did not exhibit any electrocardiographic abnormalities 
in the acute or recovery stages were all relatively young, their ages being 36, 
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32, and 31 years, respectively. The higher incidence of changes in the older | 
group was probably associated with a higher incidence of antecedent heart disease he 
and coronary sclerosis in this group. 

Previous Heart Disease.—Twelve of the patients had previous heart disease, 
nine had arteriosclerotic heart disease, two had hypertensive heart disease, and 
two had sustained a myocardial infarction (Figs. 2 and 5). One of the patients, 
in addition, had chronic auricular fibrillation. Nine of the patients with previous 
heart disease were over 50 years of age and three below 50 years. 


2nd Day 


Fig. 4.——Case 12, same as Graph 4. Second day: electrocardiogram normal; third day: low T waves 
in standard and unipolar limb leads and in all precordial leads, suggesting acute coronary insufficiency. 


All but one of the twelve patients with antecedent heart disease exhibited cs 
acute electrocardiographic changes immediately after admission to the hospital. : 
This occurred in only ten of the sixteen patients without signs of previous heart 
disease. In general, the electrocardiographic abnormalities suggestive of cor- 
onary insufficiency developed sooner, were more striking, and lasted longer in 
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the patients with antecedent heart disease than in those without clinical evidence 
of heart disease. The three patients whose electrocardiograms remained normal 


were in the latter group. 

Relationship of Hemoglobin Level to Coronary Insufficiency.—The hemoglobin 
levels of three patients who did not exhibit electrocardiographic changes were 
32, 50, and 55 per cent (Sahli), respectively (Cases 22, 25, and 26). In the 
twenty-five patients with abnormal electrocardiographic changes the hemoglobin 
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Graph 5.—-Case 20, L. H., a man 41 years old, had had myocardial infarction four years ago. 
Present symptoms were bleeding esophageal varices with severe hemorrhage and shock. There were 
acute electrocardiographic changes on the third day. On this day the hemoglobin dropped to 42 per 
cent and the blood pressure to 58/0, and the heart rate rose to 120. Death occurred on the fifth day 
in hemorrhagic shock despite a rise of the blood pressure to 138/80. Autopsy showed old myocardial 
infarction but no acute myocardial changes. 


was 20 to 40 per cent in eleven cases, 41 to 60 per cent in ten cases, and over 60 
per cent in four cases. It is evident that electrocardiographic changes can de- 
velop with a relatively high hemoglobin level. Significant anemia following 
hemorrhage may not appear for at least twenty-four to forty-eight hours, follow- 
ing which hemodilution occurs and the hemoglobin level falls.?_ Diminished 
coronary flow and myocardial anoxia may be present before the hemoglobin 
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Fig. 5.—Case 20, same as Graph 5. First day: deep Q and inverted T in Leads II, III, and aVr. 
indicative of old posterior wall infarction; third day: limb leads unchanged, T lower in all precordial 
leads and semi-inverted in V2 to V4, indicating acute coronary insufficiency ; fourth day: same as first day. 
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falls. In fact, in one case of massive hemorrhage with acute electrocardiographic 
changes the hemoglobin remained as high as 80 per cent (Case 12, Graph 4). 
Since the patient was in profound shock, it is probable that the hemoglobin level 
did not give a true picture of the degree of hemorrhage, as reduction in blood 
volume may have occurred without secondary hemodilution. In general, 
however, the hemoglobin level was a good guide to the severity of electrocardio- 
graphic changes, and the most marked changes occurred in the patients with 
the severest anemia. 

An interesting correlation was found to exist between hemoglobin level and 
age. In patients below the age of 50 years, the hemoglobin level at the time the 
electrocardiographic changes were first observed was always below 55 per cent. On 
the other hand, in four of the patients over 50 years of age, electrocardiographic 
changes developed at hemoglobin levels of 60 to 75 per cent. Furthermore, the 
average hemoglobin level in the group under 50 years of age was 36 per cent, and 
in the group over 50 years it was 56 per cent. It is thus apparent that electro- 
cardiographic signs of coronary insufficiency often developed in elderly people 
when the hemoglobin level was only slightly or moderately reduced. This may 
be attributed to the presence in this age group of antecedent coronary sclerosis 
and impaired coronary circulation which predisposed these patients to the 
development of coronary insufficiency after a relatively slight blood loss. 

Shock and Coronary Insufficiency.—Shock appeared to be a significant factor 
in precipitating electrocardiographic changes. In ten patients there were frank 
clinical signs of hemorrhagic shock, manifested by lethargy or coma, cold clammy 
skin, tachycardia, air hunger, and low blood pressure. In all of these patients 
electrocardiographic changes developed. The latter were not always present 
at the onset of shock; in some cases they did not appear until twenty-four to 
thirty-six hours later (Fig. 5, Graph 5). Although severe shock was generally 
associated with the most striking electrocardiographic changes, exceptions 
occurred. Thus, several patients in profound shock exhibited only minor 
electrocardiographic changes, such as slight or transient inversion of T waves 
(Cases 3, 12, and 20, Fig. 5). 

Accurate evaluation of the relative importance of the two factors of acute 
anemia and shock in the initiation of acute coronary insufficiency was often 
difficult. In some cases the acute anemia seemed to be the paramount factor 
since shock was minimal, and in others shock was predominant and the blood 
hemoglobin remained relatively high despite the massive hemorrhage. Often, 
the presence of both shock and anemia seemed to be necessary before coronary 
insufficiency developed. These observations are illustrated by the findings in 
Case 1 (Fig. 1, Graph 1), a patient who entered the hospital with a profound 
anemia of 28 per cent. The latter was attributed to malnutrition and low-grade 
bleeding from a peptic ulcer. The electrocardiogram was normal despite the 
marked anemia and remained so despite the development of a state of shock on 
the fifth to seventh day after admission, when the hemoglobin had risen to 60 
per cent. Subsequently, on the twelfth day, acute hemorrhage occurred which 
produced fatal shock. During this period striking electrocardiographic signs 
of coronary insufficiency developed. It was apparent in this case that anemia 
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alone and shock alone were not sufficient to produce coronary insufficiency, 
However, when acute hemorrhage and shock were combined, marked electro- 
cardiographic abnormalities developed despite a relatively high hemoglobin level. 


Blood Pressure.—The response of the blood pressure to the acute hemorrhage 
was variable. In one-half of the patients (fourteen cases) there was an appreci- 
able drop in blood pressure as compared to the control level which was determined 
by follow-up observations (Graphs 1 to 5). In four patients there was no ap- 
preciable drop in blood pressure during the period of observation. In the re- 
maining ten patients, a rise in blood pressure occurred involving particularly 
the systolic pressure (Graph. 4). This was occasionally observed even in patients 
with very severe hemorrhage and with other clinical signs of hemorrhagic shock 
(Graph 5). It suggests that the hemorrhage and anemia in these patients were 
associated with a compensatory increase in cardiac output. This was further 
suggested in five of these patients by the presence of a wide pulse pressure of 80 
mm. or more and bounding peripheral arterial pulses. 

Electrocardiographic changes occurred with equal frequency in the group 
with low pulse pressure and in the group with elevated pulse pressure. It is 
apparent that the actual level of the blood pressure was not the decisive pre- 
cipitating factor for the electrocardiographic changes. 


Pulse Rate.—A heart rate of 100 or over was present during the acute phase 
of hemorrhage in twenty-three of the twenty-eight patients. In the remaining 
five patients the heart rate ranged between 80 and 90 per minute. In two pa- 
tients of the latter group the electrocardiogram remained normal for thirteen 
days. 

CLINICAL SIGNS OF CORONARY INSUFFICIENCY 


Precordial Pain.—Precordial or substernal pain was experienced by eight 
patients during the stage of acute hemorrhage. In six of these the pain was 
severe, and in the remaining two it was manifested as a feeling of pressure. 
In the former group the clinical picture not infrequently simulated acute coronary 
artery occlusion (Graph 2, Fig. 2), but, of course, the electrocardiographic changes 
were those of coronary insufficiency and not coronary artery occlusion. The 
pain lasted for only a few hours in five patients and for three to six days in the 
other three patients. Although electrocardiographic signs of coronary insuffi- 
ciency developed in all eight patients, they did not necessarily appear simul- 
taneously with precordial pain. Thus, in four of them the precordial pain pre- 
ceded the electrocardiographic changes for at least one day (Graph 4, Fig. 4). 
It is interesting to note that in one patient with severe anginal pain induced by 
the hemorrhage, the electrocardiogram disclosed only minimal T-wave changes 
forty-eight hours later (Case 16). 


Congestive Heart Failure.—Signs of congestive heart failure were exhibited 
in five patients on admission (Cases 2, 4, 5, 17, and 23). Three of these gave a 
history of moderately severe arteriosclerotic heart disease antedating the acute 
hemorrhage. In two patients the heart failure was associated with other clinical 
and electrocardiographic signs of myocardial infarction which developed during 
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the acute hemorrhage. In one patient (Case 23), a woman 33 years of age who 
had protracted gastrointestinal bleeding, the heart failure was precipitated by 
an operation for ulcerative colitis. 

Causes of Death and Autopsy Findings.—Eight patients of the series died; 
of these four died of exsanguination (Cases 1, 3, 12, and 20), one of a cardio- 
vascular accident in the course of leucemia (Case 27), and one of congestive heart 
failure following operation for ulcerative colitis (Case 23). Finally, two patients 
(Cases 2 and 17) presented the clinical and electrocardiographic manifestations of 
acute myocardial infarction prior to death. Since no autopsy was obtained in 
these two cases, it could not be ascertained whether the infarction was precipi- 
tated by acute coronary insufficiency secondary to the severe hemorrhage or 
by an acute coronary occlusion. 

The heart was examined post mortem in four cases (Cases 12, 20, 23, and 27). 
No evidence of recent subendocardial necrosis was found in any of them. In 
on case (Case 20), an old myocardial infarct with marked coronary narrowing 
was found. In Case 23 there was dilatation of the right ventricle with a very 
pale myocardium. The lack of acute anatomic changes in the fatal cases of the 
present series is in contrast to the findings in our previously reported series' 
in which acute subendocardial myocardial necrosis was observed in four of the 
thirteen autopsies. 

Follow-up Examination.—Eighteen patients returned for follow-up examina- 
tion of their cardiac status subsequent to discharge from the hospital. At the 
time of re-examination there was no sign of recurrence of hemorrhage in any of 
these patients, and the hemoglobin had risen to 75 per cent or more in all of them. 
Only one patient complained of precordial pain (Case 4); this patient had an 
abnormal electrocardiogram and presented signs of mild congestive failure due 
to arteriosclerotic heart disease. 

The remaining seventeen patients were subjected to the Master two-step 
exercise test and the effect on the electrocardiogram was observed. In three 
patients transient RS-T and T-wave changes developed after exercise which 
were indicative of coronary insufficiency on effort (Cases 5, 8, and 11). In one 
patient (Case 13) the result of the test was borderline. In the remaining thirteen 
patients the electrocardiogram remained normal after exercise. It is interesting 
to note that the four patients with positive or questionably positive exercise 
tests had presented the most striking electrocardiographic abnormalities during 
the acute hemorrhage. 

DISCUSSION 

It is evident from our clinical observations that in the course of severe 
hemorrhage serial electrocardiograms reveal acute changes which may be at- 
tributed to acute coronary insufficiency, namely, depression of the RS-T segment 
with or without inversion of the T wave in one or more leads. In approximately 
40 per cent of the patients electrocardiographic changes are accompanied by 
other clinical signs of acute coronary insufficiency, such as precordial or substernal 
pain and congestive heart failure. As one would expect, the electrocardiographic 
and clinical signs of coronary insufficiency are more severe and protracted in 
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the patients with antecedent coronary sclerosis or arterial hypertension with 
cardiac enlargement in whom the coronary circulation is already chronically 
impaired. In several of the patients the clinical picture simulated that of acute 
coronary artery occlusion. 

In our previous publications'** we have already demonstrated that electro- 
cardiographic signs of acute coronary insufficiency were common following 
hemorrhage, but the incidence was distinctly smaller than that of the present 
series. The high incidence of electrocardiographic changes in the present series 
can be attributed to the large number of electrocardiograms obtained daily in 
each patient. The changes in the electrocardiogram, particularly the depression 
of the RS-T segment, may be transient and last only a few hours or a day or two. 
They will often be missed if the electrocardiogram is recorded at infrequent 
intervals. 

We believe that the electrocardiographic changes following hemorrhage are 
due to an intrinsic change in the myocardium as a result of myocardial ischemia 
and anoxia. They are similar to changes we have observed in acute coronary 
insufficiency due to other factors such as shock, severe exertion, and anoxemia.?:*:5 
They are also similar to the transient RS-T and T changes which have been ob- 
served in patients with coronary artery sclerosis subjected to the Master two-step 
exercise or the Levy 10 per cent anoxemia test. When the myocardial anoxia 
and ischemia are prolonged or very severe, they may lead to acute necrotic changes 
in the myocardium, particularly in the subendocardial region. Although myo- 
cardial necrosis was not demonstrated in any of the fatal cases in this series, it 
has been observed by us in other cases which were previously studied and not 
included in this report.’ In fact, in a recent survey* of twenty-five cases of sub- 
endocardial necrosis hemorrhage was found to be the precipitating cause in four 
cases. 

Recent experiments”! have confirmed that ischemia or injury localized in 
the subendocardial region of the left ventricle is associated with typical electro- 
cardiographic changes similar to those observed in our cases of acute hemorrhage, 
namely, RS-T depression and T-wave inversion in the standard limb and pre- 
cordial leads. With rare exception, RS-T elevation and deep Q waves are absent. 
A deep Q wave would be expected to occur only when the focal subendocardial 
necrosis becomes extensive and confluent. This was suspected in two of our fatal 
cases. <A study of the electrocardiograms in our patients has led us to believe 
that RS-T depression represents a more significant degree of coronary insuffi- 
ciency than T-wave inversion. It is possible that the T-wave inversion repre- 
sents ischemia alone and that the RS-T depression represents myocardial injury 
and necrosis. 

Numerous authors!’ have demonstrated the deleterious effects of hemor- 
rhage and shock on the heart and the relation between shock and acute coronary 
insufficiency. These physiological studies have shown that shock is associated 
with diminished cardiac output and blood volume and lowered arterial blood 
pressure, which may result in diminished coronary flow. In irreversible shock 
due to hemorrhage the diminished coronary flow is the chief factor responsible for 
the myocardial failure resulting in death.'® It is evident that when associated 
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with acute anemia and its associated anoxemia, the diminished blood flow incident 
to shock will lead to a state of acute coronary insufficiency, myocardial ischemia, 
and anoxemia. 

A complete review of the literature on the relation between hemorrhage and 
coronary insufficiency has been presented elsewhere.* More recent studies offer 
a sound physiological explanation for the mechanism of the electrocardiographic 
changes in the patient with arteriosclerotic heart disease who has sustained a 
recent hemorrhage and suggest the necessity for prompt and vigorous treatment. 

Utilizing a fluorescein cinematographic technique in the dog’s heart, Prinz- 
metal and co-workers'* have demonstrated that the coronary flow of the myo- 
cardium near the pericardial surface is much better than that near the endo- 
cardium. This offers an explanation for the greater ischemia and more frequent 
occurrence of focal necrosis in the subendocardial region than in the subepicardial 
region when the coronary blood flow is reduced by hemorrhage and shock. In 
other studies,'* Prinzmetal and co-workers demonstrated a more abundant 
coronary collateral circulation in the right ventricle than in the left, which may 
account for the more common occurrence of ischemia and focal necrosis in the 
left ventricle than in the right in the presence of coronary insufficiency. 

Corday and co-workers'® pointed out that the circulation of all the myo- 
cardium is much reduced in hemorrhagic shock. They demonstrated in animal 
experiments that the deleterious effect of a hypotensive state on the myocardium 
was just as serious whether a vessel was partially or completely occluded. They 
attempted to simulate coronary sclerosis in the dog by reducing the lumen of 
adjacent coronary arteries with silk ligatures to graded diameters. When the 
blood pressure was maintained at normal levels, the myocardium supplied by 
these arteries contracted normally. However, when the blood pressure was 
reduced to shock levels by bleeding, the myocardium supplied by these vessels 
ceased to contract and ballooned outward in systole. Again, when the blood 
pressure was restored to normal by transfusion, the myocardium ceased to balloon 
and contracted normally. They emphasized the necessity for maintenance of a 
normal blood pressure in patients with coronary sclerosis subjected to hemorrhage 
and shock. Electrocardiograms recorded in these experiments during the hypo- 
tensive phase demonstrated marked RS-T and T-wave changes which returned 
toward normal when blood pressure levels were restored. In similar experiments 
Zuckermann and co-workers?’ demonstrated that following myocardial infarction 
in dogs elevation of blood pressure by blood transfusion produced disappearance 
of the Q wave, while decrease of blood pressure by bleeding caused it to reappear. 

The possible factors responsible for the coronary insufficiency and myo- 
cardial anoxia in cur cases of hemorrhage were found to be shock, drop in blood 
pressure, tachycardia, and acute anemia. Analysis of the cases has shown 
that when each of the factors is correlated individually with the electrocardio- 
graphic changes, a constant association is not present. Thus, although the 
severest changes usually occurred in patients with the severest shock, lowest 
blood pressure, most marked tachycardia, and the lowest hemoglobin level, 
this was not a constant rule. In other words, it was observed that acute electro- 
cardiographic changes not infrequently occurred in the absence of frank signs of 


¢ 


DACK, CORDAY, AND MASTER: HEART IN ACUTE HEMORRHAGE 181 


shock (nineteen patients) or in the presence of a normal or an elevated blood 
pressure (fourteen patients) or with a relatively high hemoglobin level (five pa- 
tients). It was our impression that no single factor was universally responsible 
for the acute coronary insufficiency, but that a combination of factors was present 
in each case. Also, the importance of each individual factor varied in each. pa- 
tient; a drop in blood pressure was a striking feature in some cases, while in others 
the acute anemia was a more apparent feature. We have observed, also, that the 
phase in which the electrocardiographic changes were most striking did not always 
coincide with the phase of maximal changes in blood pressure, heart rate, and 
hemoglobin. That is, the electrocardiographic changes either preceded or fol- 
lowed the hemodynamic changes, although they usually appeared after. 

It is of interest that in patients with chronic anemia the clinical signs of 
coronary insufficiency may not occur. This can be attributed to the com- 
pensatory increase in cardiac output which occurs in chronic anemia, as manifested 
clinically by the increase in pulse pressure and demonstrated by cardiac cathe- 
terization studies.”!* This is in marked contrast to the course of events in acute 
anemia following hemorrhage. In the latter, even a relatively small drop in 
blood pressure may result in coronary insufficiency when the anemia develops 
rapidly. When the hemorrhage is associated with shock or a striking drop in 
blood pressure, a compensatory increase in cardiac output and coronary flow 
may fail to develop. Exceptions to this were observed, however, for in several 
of our patients the peripheral dynamics of increased cardiac output and blood 
velocity were present, similar to the findings in chronic anemia. 

The occurrence of compensatory increase in cardiac output in some cases of 
acute anemia following massive hemorrhage has been confirmed by several in- 
vestigators using the cardiac catheterization method."”*' In this regard, the 
observations of Bing and associates* are also of interest. By inserting an intra- 
cardiac catheter in the coronary sinus of patients with acute anemia, they were 
able to demonstrate that the coronary flow was slightly increased, but the oxygen 
consumption and extraction in the myocardium were much reduced. This 
suggests that anoxia of the myocardium may occur in the patient who has sus- 
tained a sudden acute hemorrhage even when normal coronary flow is maintained 
by increased cardiac output. 

Secondary electrocardiographic changes occurred in nine cases during the 
convalescent stage of the acute anemia after the electrocardiogram had returned 
tonormal. The changes invariably developed after the sixth day and in one case 
as late as the sixteenth day. In three instances the hemoglobin was between 60 
and 70 per cent, and in six it was between 70 and 80 per cent. The blood pres- 
sure had returned to normal levels. It was difficult to state what the causative 
factors were in the production of these delayed changes. The possible effect 
of blood transfusions was considered. McMichael” has shown that patients 
with severe anemia have a high venous pressure, and if transfused, they will 
develop congestive heart failure and a fall in cardiac output. Six of our patients 
were transfused from one to four days before these delayed changes occurred, 
but in four of the cases at least one electrocardiogram taken a day or so after the 
transfusion and before the delayed changes occurred was normal. No sign of 
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congestive failure after transfusion was noted in any of the cases, but venous 
pressure studies were not carried out. In two cases tachycardia appeared 
after the transfusion, and in one of these there also developed fever and left 
posterior chest pain which could not otherwise be accounted for. 

Another possible explanation for the delayed electrocardiographic change is a 
small pulmonary embolus from the deep leg veins. In favor of this is the fact 
that the delayed changes always occurred after six days of complete bed rest, 
at a time when emboli from phlebothrombosis could be expected to occur. 
Another point in favor of this explanation is that in four cases slight fever of 
unexplained origin occurred on the day or the day before the delayed changes 
developed, and in three of these patients the pulse rate increased to above 100 
per minute. ‘Two other patients developed a pulse rate of 92 and 100, respec- 
tively, without elevation of temperature on the day the secondary changes ap- 
peared. Only one patient, who was mentioned above, complained of chest 
pain. In five cases there was no tachycardia or increase in pulse rate or any 
subjective complaint. In no case could a change of body position or physical 
activity account for the delayed electrocardiographic changes. 

Our clinical and electrocardiographic findings re-emphasize the value of 
prompt treatment of hemorrhage, particularly in patients with coronary or hyper- 
tensive heart disease. Such patients may be unable to respond to the increased 
physiological demands of hemorrhage, shock, and anoxemia.’ Prompt and 
repeated blood transfusions to restore the blood pressure and blood hemoglobin 
to normal levels are essential to prevent acute coronary insufficiency, myocardial 
anoxia, and ischemia. Rapid transfusion of whole blood is generally sufficient 
to prevent or eliminate the hemodynamic changes of hemorrhage, shock, and the 
electrocardiographic signs of acute coronary insufficiency. Of course, in elderly 
patients and in those with evidence of diminished myocardial reserve, the trans- 
fusions should be given with greater caution in order to prevent the develop- 
ment of congestive heart failure. It should be kept in mind, however, that even 
in such patients, congestive heart failure may be a manifestation of coronary 
insufficiency and that a transfusion would be of great benefit, but it must be 
given slowly in order to prevent a too rapid increase in venous pressure. All 
the patients in our series received one or more transfusions of whole blood. 
The amount administered varied from 5060 to 4,500 c.c., with an average of 1,650 
c.c. per patient. In several patients transfusion with whole blood resulted in 
prompt disappearance of the electrocardiographic abnormalities and other clinical 
signs of coronary insufficiency, such as anginal pain. In the majority of patients, 
however, the electrocardiographic changes regressed gradually as the hemoglobin 
rose toward normal, despite a more prompt restoration of the blood pressure to 
normal levels. 

Occasional cases of hemorrhagic shock have been reported® in which trans- 
fusion was ineffective in elevating the blood pressure above shock levels. The 
administration of nor-epinephrine, a vasoconstrictor agent, in two reported cases 
of acute gastrointestinal hemorrhage was successful in restoring the blood pressure 
to normal levels. Experimentally,” this drug was found also to increase coronary 
blood flow twenty fold in animals with the initial blood pressure at shock levels. 
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It was suggested in this report® that improvement in coronary circulation may be 
anticipated in hemorrhagic hypotension treated with this agent and that it may 
be of clinical value to supplement blood replacement therapy. 
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BIZARRE PULMONARY ROENTGENOGRAPHIC MANIFESTATIONS 
IN HEART DISEASE 


WALTER Newman, M.D.,* AND Haro_p G. JAacosson, M.D.** 


New York, N. Y. 


HE characteristic roentgenographic chest findings in heart disease are well 

defined. For instance, the appearance of congestive changes in the hila 
and pulmonary tissues is classic and too well known to bear repetition. The 
appearance of the ordinary pleural effusion and interlobar effusions by roentgen 
examination is also characteristic as are the changes noted in cardiac enlarge- 
ment of various types. 

The purpose of this paper is to present a small series of cases that we have 
encountered at the Bronx Veterans Hospital which illustrate unusual roentgen 
manifestations of heart disease with confusing differential possibilities. Three 
of these cases represent bizarre roentgenographic manifestations of cardiac 
failure, and the fourth presents a peculiar location of a pulmonary infarct in a 
case of chronic heart disease. 

CASE REPORTS 


Case 1.—This patient is a 62-year-old, white man with known diabetes for fifteen years who, 
three years before admission, developed evidence of coronary insufficiency. Approximately one 
year before admission, he developed increasing dyspnea on exertion and orthopnea and, more re- 
cently, peripheral edema. 

Physical examination showed engorged neck veins, an enlarged heart with sinus tachycardia, 
and blood pressure of 139/89 mm. Hg. There were dullness with diminished breath sounds at the 
right lung base and rales at each base, more marked on the right. The liver was found to be 3 
fingerbreadths below the costal margin in the mid-clavicular line and tender. There was a mini- 
mal amount of free fluid in the abdomen with 3+ peripheral edema. Venous pressure on admission 
was 210 mm. of water. Arm-to-tongue circulation time with Decholin was 28 seconds. Roentgen 
examination of the chest on admission (Fig. 1) showed a greatly enlarged heart with hilar engorge- 
ment and pulmonary congestion, particularly at the bases. There was a small amount of fluid in 
the right pleural cavity which dipped into the interlobar fissure between the upper and middle 
lobes. A moderate amount of free fluid was present in the left pleural cavity. In addition, there 
were nodular densities in each hemithorax with one overlying the interlobar fissure between the 
upper and middle lobes, one along the upper right lateral chest wall, and one larger density seen 
adjacent to the midline in the right upper hemithorax. In a left oblique roentgenogram (Fig. 2) 
these were seen to represent probably interlobar collections of fluid. A small nodular density at 
the left base probably represented an interlobar collection between the upper and lower lobes. 
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Fig. 1.—Posteroanterior chest roentgenogram showing nodular densities in both lungs, some fluid 
in the left pleural cavity, and bilateral hilar engorgement and cardiac enlargement. There is pulmonary 
congestion in each base and emphysema in both upper lobes, particularly on the left. 


Fig. 2.—An oblique view shows interlobar collections in the region of the upper part of the long 
fissure and‘the anterior portion of the short fissure on the right. 


« 
— 
bey 
7 
‘ 
ait *, » 
i 
— 
—— 


186 AMERICAN HEART JOURNAL 


The first impression of the Radiology Service was that these nodular densities could not be dif- 
ferentiated from metastatic pulmonary deposits. The subsequent oblique view proved the true 
nature of these densities. After digitalization, mercurial diuretics, and a low-salt diet the patient 
improved rapidly. A chest roentgenogram (Fig. 3) taken eight days after the initial film showed 
complete disappearance of the nodular densities with the heart diminishing in size. There was 
still noted some evidence of hilar engorgement and fluid in the left pleural cavity. The rapid dis- 
appearance of the nodular densities established their true nature, i.e., interlobar collections of fluid. 


Comment.—Since Stewart's! description of encapsulated pleural effusions 
in congestive heart failure there have been numerous reports** calling attention 
to this phenomenon. The present case is of particular interest in view of the 
unusual loculation in the extreme apical portion of the long fissure on the right 
side. This localization would suggest that the mechanism here was the result 


Fig. 3.—Posteroanterior chest roentgenogram taken eight days after the film shown in Fig. 1 shows 
a complete disappearance of the interlobar collections. Some residual pleural reaction remains on the 
left. The heart is considerably smaller. The hila are less engorged. 


of a previous obliterative pleuritic process'’* rather than being an extension 
of a generalized pleural effusion. The correct diagnosis is suggested by the 
oblique film and established by the rapid response to therapy for congestive 
heart failure. This entity should be thought of when such opacities are asso- 
ciated with cardiac dilatation and the usual roentgen changes of pulmonary 
engorgement. 

Case 2.—A 73-year-old, white man was well until five years before admission at which time 
he had an episode of myocardial infarction. He was ambulant until approximately two years be- 
fore admission when he began to develop dyspnea on exertion which was controlled by digitalis. 
Following this, the patient began to complain of anginal pain and was given Demerol and later 
morphine by his local physician for control of the pain. Approximately six months before admis- 
sion, he developed mental deterioration with hallucinations and had to be institutionalized. Dur- 
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ing this period he gradually developed generalized anasarca and was transferred to this hospital for 
further care. On admission the patient was chronically ill and in minimal respiratory distress with 
generalized anasarca and cyanosis. The neck veins were distended. The blood pressure was 
130/90 mm. Hg. Examination of the heart revealed only distant sounds. On auscultation of the 
lungs musical expiratory rhonchi were heard scattered throughout, but there were no rales. There 


Fig. 4.—Posteroanterior chest roentgenogram demonstrates a homogeneous density overlying the 
entire right hemithorax, simulating a massive effusion. 


Fig. 5. —Posteroanterior chest roentgenogram taken forty-eight hours after admission shows practi- 
cally complete disappearance of homogeneous density on the right seen in Fig. 4. There is evidence 
of pulmonary congestion and cardiac enlargement. 
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were decreased breath sounds and voice sounds with a flat percussion note at the right base. The 
abdomen was distended with shifting dullness. The liver was ballotable 5 fingerbreadths below 
the costal margin. There was massive edema of the penis and scrotum with generalized anasarca 
more marked on the right. The anasarca involved all parts of the body from the neck down. <A 
chest roentgenogram (Fig. 4) made on the day of admission showed some hilar engorgement with 
evidence of pulmonary edema in the luft lung. The heart was considerably enlarged in its trans- 
verse diameter. The entire right hemithorax was obscured by a homogeneous density which sug- 
gested a massive pleural effusion. However, it was noted that the patient persisted in lying on the 
right side in order not to impair the cardiac function. The patient was then requested to lie on 
the left side as long as possible, and it was noted shortly thereafter that there was a more sym- 
metrical distribution of the anasarca. A chest roentgenogram (Fig. 5) taken forty-eight hours 
after the first film showed almost complete disappearance of the right-sided homogeneous density 
described above. Some slight over-all haze remained with evidence of pulmonary congestion bi- 
laterally and an enlarged heart. 


Fig. 6. —Posteroanterior chest roentgenogram shows nodular and reticulated densities in each upper 
lobe simulating an inflammatory process. The hilar engorgement bilaterally and the interlobar collec- 
tion on the right help to obscure somewhat the emphysema in each base. There is some pleural reac- 
tion on the left. 


Comment.—It is a well-established clinical observation that edema fluid in 
congestive heart failure tends to be localized in the dependent portions of the 
body. This patient shared the frequently voiced lay opinion that cardiac 
patients should not lie on the left side. As a result of this vagary, it was noted 
that the anasarca principally involved the right side of the body, thereby account- 
ing for the presence of the right-sided chest opacification by roentgenogram. 
Proof of this assumption is demonstrated by Fig. 5 taken forty-eight hours after 
the patient was encouraged to lie on the left side. We were unable to find 
any reference to this phenomenon in the literature. 
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Case 3.—This patient was a 59-year-old, white man who was perfectly well until one month 
before admission when he developed precordial pain while at rest. At that time he was put to bed 
for about ten days and was then asymptomatic. After getting out of bed, he began having an- 
ginal pain on exertion relieved by nitroglycerin. Ten days before admission, he had another attack 
of severe substernal pain, worse than the first and lasting longer. Because of persistent pain and 
progressive dyspnea, he was admitted to the hospital. On examination the patient appeared 
acutely ill with pallor, sweating, and dyspnea, but no cyanosis. There was no venous engorge- 
ment. The heart rate was regular at 126 with sounds of poor quality partially obscured by breath 
sounds. No murmurs were heard. The blood pressure was 170/100 mm. Hg. On auscultation 
there were rhonchi throughout both lungs but no rales. The chest was emphysematous. The 
abdomen and extremities were within normal limits. 


Fig. 7.—-Posteroanterior chest roentgenogram taken seven days after the film shown in Fig. 6 shows 
practically complete disappearance of the apparent infiltrate in the upper lobes. (A faint residual 
remains in the area of the left second intercostal space.) The emphysema in the lower one-half of 
each lung is now quite evident. 


During the first week of hospital stay, the patient had a low-grade fever up to 101° F. and had 
three bouts of acute pulmonary edema. The white blood cell count varied from 10,000 to 15,000 
with a slight shift to the left. A chest roentgenogram (Fig. 6) taken on admission showed the 
heart size to be at the upper limits of normal. There was hilar engorgement bilaterally and a 
broad density adjacent to the right cardiac border which possibly represented an interlobar col- 
lection of fluid. There was evidence of emphysema at the lung bases. Nodular and linear reticu- 
lation was noted in each upper lobe with apparent honeycombing, which suggested the presence of 
tuberculosis. There was a small amount of fluid in the left pleural cavity. Although the sputum 
and gastric examinations were negative for acid-fast bacilli, it was felt that this patient might have 
active pulmonary tuberculosis because of the low-grade fever. It was also felt that this might 
account for the bouts of acute pulmonary edema in a patient with coronary arteriosclerotic heart 
disease. Before resorting to any specific therapy for pulmonary tuberculosis, it was decided to 
treat the patient for congestive heart failure. He was accordingly placed on a low-salt diet and 
digitalis, losing 8 pounds in one week. At this time, a chest roentgenogram (Fig. 7) showed prac- 
tically complete disappearance of the apparent infiltration in both upper lobes (a faint residual is 
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seen overlying the left second anterior intercostal space). The hilar engorgement diminished 
somewhat, and the heart was smaller than on the initial examination. The emphysema in each 
base was now quite apparent with the hila somewhat elevated and the diaphragmatic leaflets de- 
pressed. With the change in the chest roentgenogram there was a return of the temperature to 
normal and disappearance of the bouts of pulmonary edema. Serial electrocardiograms sub- 
sequently showed evidence of recent anterior wall myocardial infarction. The rapid clearing of 
the supposed inflammatory process in the upper lobes undoubtedly represented resolution of pul- 
monary congestion in an emphysematous individual with the congestive changes being limited to 
the upper lobes because of the emphysema at the bases. 


Comment.—In this case the appearance of the chest roentgenogram, the 
low-grade fever, and the leucocytosis led us to believe we were dealing with an 
infectious process in the lung, probably tuberculous. However, the change in 
the roentgen picture following digitalization enabled us to establish the true 
nature of the pulmonary involvement. 

The classical roentgen appearance of pulmonary edema has been described 
as a fairly symmetrical, homogeneous density involving both lungs with a butter- 
fly distribution. In cases due to heart failure the hila are engorged and the 
heart usually enlarged. The density is greatest at the hilum and fades out toward 
the periphery. The apices and extreme bases are usually clear. In this instance 
the rather considerable emphysema was presumably responsible for limiting the 
x-ray changes of pulmonary congestion to the upper lobes and thereby simulating 
an inflammatory process. Both the Radiology and Medical Services were of 
the opinion that these congestive changes represented active pulmonary tuber- 
culosis until treatment for the cardiac failure and the subsequent clinical roent- 
genographic course established the correct diagnosis. 

Nessa and Rigler’ stressed the difficulty of differential diagnosis in atypical 
cases of pulmonary edema by roentgenogram and pointed out that it may simu- 
late pneumonia, pulmonary atelectasis, pulmonary infarction, and miliary 
tuberculosis. These authors stated that there is only one case recorded in the 
literature where pulmonary edema was localized to the upper lobes. This was 
observed by Day, Sisson, and Vogt* in an individual receiving tetanus antitoxin 
with the development of severe anaphylactic shock. The roentgen examination 
was done twelve hours after the onset of symptoms, and the authors concluded 
that the process seen on the roentgenogram may have represented the residual 
portion of a previously generalized process. The patient recovered and necropsy 
verification was not obtained. In the Nessa and Rigler series? seven cases of 
pulmonary edema with x-ray and necropsy findings were presented. Two cases 
showed the usual disseminated involvement. In three cases the pulmonary 
edema was localized to isolated lobes, in one case to an entire lung, and in one 
case to both upper lobes as in our patient. No explanation as to the mechanism 
of the unusual localization of pulmonary edema was offered. Of particular 
interest is Case 3 in their series with bilateral upper lobe involvement in a 73- 
year-old man with no clinical evidence of organic heart disease. This patient 
had a gastric resection for cancer of the stomach and was given considerable 
intravenous fluid postoperatively. He developed pulmonary edema and died. 
The roentgen diagnosis was postoperative pneumonia because of the diffuse 
mottled densities confined to the upper lobes. Autopsy study showed markedly 
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edematous lungs with no evidence of pneumonia. No mention is made of em- 
physema. In our case the reason for the localization in the upper lobes is more 
apparent. The basal emphysema, obvious by roentgen examination, would 
offer a mechanical hurdle to diffuse involvement by pulmonary edema. Al- 
though we are not personally aware of a similar case in the literature, we feel 
that this may not be too uncommon a phenomenon and should be looked for 
in the future. 

Case 4.—This patient was a 39-year-old white man admitted to the hospital because of in- 
creasing dyspnea on exertion of two weeks’ duration and progressive edema of one week's duration. 
The patient had been well until one year prior to admission when he developed sudden cramping 
pain in the back of the right knee associated with swelling and tenderness. Exploration was per- 
formed at another hospital, and an ancurysm of the posterior tibial artery was ligated. Following 
this procedure, there was noted evidence of splenomegaly, and the sedimentation rate was found to 
be elevated. He was discharged from that hospital and felt fairly well until the onset of dyspnea 


Fig. 8.—Posteroanterior chest roentgenogram shows a well-circumscribed, rounded, nodular density 
in the extreme right apex, simulating a superior sulcus tumor. Note the cardiac enlargement and a 
pleural reaction on the right as well as slight hilar engorgement. 


two weeks prior to admission to this hospital. At the time of admission, the patient appeared 
acutely ill with marked respiratory distress, profuse sweating, pallor, and cyanosis. The neck 
veins were distended and filled from below. There were fine rales at both lung bases, and the heart 
was enlarged to percussion with a regular sinus tachycardia of 100 per minute. There were systolic 
and diastolic murmurs at the aortic area and a low-pitched diastolic rumble at the apex. The 
liver was felt 3 fingerbreadths below the costal margin. The spleen could not be felt. There was 
shifting dullness in the abdomen with scrotal edema. The dorsalis pedis and posterior tibial pul- 
sations were not felt bilaterally. 

The patient was treated for the congestive heart failure with digitalis, low-salt diet, and mer- 
curial diuretics with only mild symptomatic and objective improvement. While in the hospital, 
he developed a sudden, painless occlusion of the right brachial artery. On one or two occasions 
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several petechiae were noted in the conjunctiva. Repeated blood cultures were negative. Be- 
cause of the findings suggestive of bacterial endocarditis, he was treated with a course of penicillin 
and demonstrated a marked subjective improvement with a slight decrease in the degree of con- 
gestive heart failure. Approximately two weeks before his death, a chest roentgenogram (Fig. 8) 
showed evidence of congestive failure manifested by hilar engorgement bilaterally, moderate jpul- 
monary congestion, a right-sided pleural effusion, and a markedly enlarged heart. In addition, a 
spheroid nodular density was noted in the extreme right apex measuring about 3 cm. in diameter. 
The nature of this density was obscure. It was not influenced by penicillin therapy. Three 
months after admission the patient suddenly died while sitting up in bed. 

Autopsy examination demonstrated the presence of bacterial endocarditis involving the 
aortic valve which had been previously damaged by rheumatic valvulitis. In addition, there was 
noted embolic occlusion of the right and left popliteal vessels and the right brachial artery. In 
the right upper lobe there was found a rounded, 4. cm. pulmonary infarct. The source of this in- 
farct was not evident, but it was thought to have originated in the periprostatic venous plexus 


which showed numerous thrombi. 

Comment.—Although pulmonary infarction is always suspect in every case 
of heart disease, particularly where unusual pulmonary densities or obscure 
effusions occur, in this instance the location of the spheroid density in the ex- 
treme right apex made this diagnosis appear unlikely. Hampton and Castleman® 
stated that pulmonary infarcts occur in the lower lobes in 74 per cent of the cases. 
Pulmonary infarcts invariably involve one or more pleural surfaces, which was 
true in this instance. The rounded nature of the lesion in our case was not 
characteristic of an infarct. Although it is generally stated that pulmonary 
infarcts are pyramidal or triangular in shape, Hampton and Castleman? stated 
that this is not quite true; infarcts correspond in shape to the portion of lung 
involved, are convex toward the heart shadow, and are usually irregular in con- 
figuration. Rounded densities seen in the roentgenogram “are usually not 
associated with infarct,’’ according to these authors’; however, such densities 
may be produced by two or more infarcts situated contiguously if projected in 
the proper direction. In our case there was a single infarct found at autopsy. 
It is true that the lower border in this lesion may be considered convex toward 
the heart, and it is also true that we could not see the upper margin of the in- 
farct because of its peculiar location. However, the density due to the infarct 
was rounded, and with its unusual location a superior sulcus tumor or an aneurysm 
of the innominate artery had to be considered. 


SUMMARY 


We have presented four cases of chronic heart disease manifesting rather 
unusual and interesting chest roentgenographic findings. The nature of the 
chest findings was such that the exact diagnosis by x-ray examination was not 
made initially, and only the subsequent course in three of the cases and autopsy 
findings in the fourth case established the true nature of the changes noted. 
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THROM BOEM BOLIC PHENOMENA ASSOCIATED WITH 
RAPID DIURESIS IN THE TREATMENT OF 
CONGESTIVE HEART FAILURE 
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HE occurrence and incidence of complicating thromboembolic episodes, par- 

ticularly pulmonary emboli, in patients with congestive heart failure have 
been well emphasized in the past by White,' Williams and Rainey,? Hines and 
Hunt,’ and others.‘ However, the role of rapid and marked diuresis in the patho- 
genesis of thromboembolism as encountered in patients treated for congestive 
heart failure has received little mention in the medical literature.*:7** 

The present practice of treatment of congestive heart failure by the use of 
digitoxin, mercurial diuretics, and dietary sodium restriction has been of great 
benefit to most patients suffering from this condition, but there are indications 
that rapid dehydration of such patients may have some untoward results. Poll 
and Stern,® Schroeder,'’ and Soloff and Zatuchni" have shown that the rapid 
diuresis may result in weakness, mental confusion, vascular collapse, and even 
death. These changes due to salt depletion are, however, usually late rather than 
early phenomena. 

Our attention was directed to another complication, namely, that of serious 
or even fatal thromboembolism occurring in cases of congestive heart failure ap- 
parently responding favorably to the management, consisting of a regimen of 
sodium restriction, digitoxin, mercurial diuretics, fluid intake of 2 L. per day, and 
so forth. Fishberg™ has stated that ‘not very rarely, seemingly smooth recovery 
from a bout of heart failure is abruptly halted or reversed by the development of 
an infarct in the lungs; this is sometimes so striking that it has been attributed, 
without adequate proof, to liberation of mural thrombi from the right heart as a 
result of more forceful contraction of the recuperating or digitalized heart muscle.” 

Since a large part of our present knowledge concerning thromboembolism is 
based primarily on careful autopsy examinations and statistical studies, we have 
made an attempt to correlate certain clinical and laboratory findings in explaining 
the role of rapid diuresis as a precipitating cause of thromboembolism in patients 
with congestive heart failure. 
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CLINICAL MATERIAL AND METHOD OF STUDY 


We should like to point out that in the selection of cases we were careful to 
eliminate those with conditions such as recent myocardial infarction, recurrent 
thrombophlebitis or phlebothrombosis, disorders of cardiac rhythm (except Case 
14), and others which might predispose to embolic episodes. 

The patients selected for this study were divided into two main groups as 
follows: 

1. Patients with frank congestive heart failure having no previous therapy 
were used. A total of fifteen cases was studied in this group which was 
divided into two subgroups in an attempt to evaluate the effects of digi- 
toxin on blood coagulation: 

A. <A group of twelve patients was placed on a regimen of digitoxin, 
sodium restriction, mercurial diuretics, and so forth. 
B. A group of three patients was placed on the above regimen with 
‘the exception of digitoxin. 


2. Patients without heart, kidney, or liver disease or edema were used as 
controls. Only two cases were used in this group. These patients were 
placed on a regimen of digitoxin, sodium restriction, and mercurial diu- 
retics as in Group 1-A. 


All patients were examined daily. This examination included observation 
for any signs or symptoms of peripheral thrombosis or embolism and measure- 
ment of blood pressure, pulse rate, temperature, weight, and position of the liver 
edge. Venous pressures were determined every one to two days. Laboratory 
studies consisted of urinalysis, hemogram, hematocrit, reticulocyte count, platelet 
count, erythrocyte sedimentation rate, coagulation time, clot retraction, nonpro- 
tein nitrogen, fibrinogen values, and prothrombin determinations. The liver 
function studies included serum cholesterol, cholesterol ester fraction, total plas- 
ma proteins with albumin-globulin ratio, serum bilirubin, serum alkaline phos- 
phatase, thymol turbidity, cephalin flocculation, and bromsulfalein dye reten- 
tion. Serial electrocardiograms and roentgenograms of the chest were a part of 
this study. All of the above clinical and laboratory studies were performed prior 
to the institution of therapy in order to assure a base line and were continued dur- 
ing the course of therapy. 

The treatment consisted of digitoxin with a dosage schedule of 0.4 mg. every 
six hours for three doses and an average maintenance dosage of 0.1 to 0.2 mg. 
daily, depending upon the degree of digitalization; a mercurial diuretic (Salyrgan- 
theophylline) was given intramuscularly every one to two days in 1 to 2 c.c. doses 
except for an initial dose of 0.5 c.c.; sodium was restricted to 1.5 to 2.0 Gm. per 
day; and a fluid intake of 1,500 to 2,000 ¢.c. daily was maintained. Supportive 
measures such as oxygen were used when indicated. The patients’ period of 
complete bed rest was restricted to a minimum. 

The prothrombin levels were determined by the laboratories of the Lilly Re- 
search Department. All laboratory procedures were performed by the same 
technicians so as to minimize variations in results which might otherwise occur. 
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CASE REPORTS 

The case histories with accompanying graphs are presented because they are 
illustrative of the changes in the blood which affect the coagulation mechanism 
as related to the development of thromboembolic phenomena. In the figures, 
weight is indicated in pounds, hematocrit in volumes per cent, prothrombin in 
per cent of normal (Quick method), liver edge in centimeters below the right 
costal margin, coagulation time in minutes (Lee and White), clot retraction in 
minutes, and fibrinogen in per cent (Kjeldahl). Liver function was determined 
at the beginning and end of treatment. 

The following case reports are those of five patients treated with digitoxin, 
mercurial diuretics, and sodium restriction (Group 1-A). 
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Fig. 1 (Case 2). 
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Case 2.—E. C., a 67-year-old man, was hospitalized on Nov. 30, 1948, in congestive heart 
failure due to hypertensive heart disease. He had had one previous admission for congestive fail- 
ure in 1946. His visits to the heart clinic had been sporadic since 1946, and he had received no 
treatment for six months prior to this admission. On the ninth hospital day a thrombosis of the 
left saphenous vein was first noted. Serial observations (Fig. 1) indicated that, at the time of the 
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Fig. 2 (Case 4). 


thrombosis, there was a loss of 20 pounds, the hematocrit was over 55 volumes per cent, the total 
leucocyte count was 7,000, and the prothrombin was approximately 60 per cent. There were 
serum globulin values of 4.2 Gm. per cent and 4.0 Gm. per cent on the twelfth and sixteenth hos- 
pital days, respectively. It is also of interest to note the abnormal bromsulfalein dye retention 
and a fibrinogen determination of 0.8 per cent on the tenth hospital day. A review of this patient’s 
data reveals that there was a concentration of factors favoring intravascular clotting on the ninth, 
twelfth, and fourteenth hospital days. 
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Case 4.—M. W., a 59-year-old woman, was admitted to the hospital on Dec. 13, 1948, with 
congestive heart failure due to coronary artery disease. This was the first episode of failure, and 
the patient had had no previous therapy. The patient developed a thrombosis of a right plantar 
vein on the sixth hospital day, at which time the clinical and laboratory studies (Fig. 2) revealed 
that there was a loss of 42 pounds, the hematocrit was 47 volumes per cent, the total leucocyte 
count was 12,259, and the prothrombin was 99 per cent. There were serum globulin values of 3.7 


HR, ——> 0 


5.8% 45 MIN. ————> 
(1) HEMATOCRIT 
140) 


WEIGHT 


(4) FIBRINOGEN 


20 10 |10 | | 


Tels 13 114 116 [17 [19 fet [2223 [24 


PROTHRONB IN 
CLOT _RETAAC 
Fi 


WEIGHT 
HEMATOCRIT 
COAG. TIME 


Fig. 3 (Case 5). 


Gm. per cent, 3.8 Gm. per cent, and 5.6 Gm. per cent on the fourth, seventh, and ninth hospital 
days, respectively. Here again, it is interesting to note an abnormal bromsulfalein dye retention 
and a fibrinogen value of 0.8 per cent on the seventh hospital day. A concentration of factors fa- 
voring intravascular thrombosis occurred on the sixth and eighth hospital days. 


Cask 5.—G. E., a 47-year-old man, was hospitalized on Jan. 23, 1949, in congestive heart fail- 
ure due to coronary artery disease. This was the first episode of failure, and there had been no 
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previous therapy. The clinical course was uneventful. However, the clinical and laboratory 
studies (Fig. 3) revealed the fairly typical changes which we have opserved in our cases. On the 
seventh to the tenth hospital days, there was a definite concentration of factors favoring intravas- 
cular thrombosis, namely, a hematocrit rise to 56 to 59 volumes per cent, a weight loss of 25 pounds, 
and an elevated fibrinogen value of 1.7 per cent. Serum globulin values of 3.3 Gm. per cent and 
3.9 Gm. per cent were obtained on the eighth and tenth hospital days, respectively. | No evidence 
of thromboembolism was observed during the hospital stay. 
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Fig. 4 (Case 10). 


Case 19.—T. B., a 58-year-old man, was hospitalized on March 15, 1949, in marked conges- 
tive heart failure due to coronary artery disease. He had been hospitalized in 1946 for a myocar- 
dial infarction, and this present admission represented his first period of failure. There had been 
no previous therapy. Here again, there was no evidence of thromboembolism during the hos- 
pitalization. However, the clinical and laboratory data (Fig. 4) revealed a concentration of fac- 
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tors favoring thrombosis on the sixth to the eighth days when the hematocrit rose to 60 volumes 
per cent, there was a weight loss of 23 pounds, there was a rapid coagulation time, and the fibri- 
nogen rose to 0.7 per cent. Serum globulin values of 3.0 Gm. per cent and 3.9 Gm. per cent were 
obtained on the eighth and tenth hospital days, respectively. There was also an abnormal brom- 
sulfalein dye retention after diuresis. 


FLOO. 
NOT DONE < 48 Ha. > NOT DONE 


|e 


js 
| Ga 


40 | 
{515 
4 
COAG. TIME 
2 CLOT RETAAC. 
LIVER EDGE 


PROTHROMBIN 
LIVER EDGE 
CLOT RETRAC. 
FIBRINOGEN 


GHT 
HEMATOCRIT 
COAG. TIME 


Fig. 5 (Case 17). 


Case 17.—C. R., a 48-year-old man, was admitted to the hospital on Feb. 19, 1950, with con- 
gestive heart failure due to syphilitic heart disease with no previous therapy. On the seventh hos- 
pital day the patient developed sudden right-sided chest pain associated with hemoptysis, tachy- 
cardia, and fever, and physical findings which were consistent with a pulmonary infarction. A 
chest roentgenogram on the same day also revealed findings consistent with a pulmonary infarc- 
tion, whereas previous roentgenograms had been negative for such a complication. Serial clinical 
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and laboratory observations (Fig. 5) revealed a hematocrit of 56 volumes per cent, a total leucocyte 
count of 11,200, a prothrombin of 86 per cent, and a loss of 10 pounds in weight at the time of the 
infarction. The serum globulin value was 2.9 Gm. per cent on the tenth hospital day. The pa- 
tient recovered in spite of this serious complication. 
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Fig. 6 (Case 12). 


In the above cases two of the patients developed peripheral phlebothrombo- 
sis (plantar and saphenous) without evidence of emboli during the peak of diu- 
resis. Another patient developed a pulmonary embolus with infarction during 
the same period. 

The next group of case reports is that of three patients who were treated 
without digitoxin but who were given mercurial diuretics and sodium-restricted 
diets (Group 1-B). 
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Case 12.—M. P., a 47-year-old woman, was hospitalized on April 27, 1949, in congestive 
heart failure due to hypertensive heart disease. There had been several previous admissions for 
heart failure but because of irregular clinic visits there had been no previous therapy for one 
month. Although there was again noted a pericd in which conditions were favorable for intra- 
vascular clotting (Fig. 6), no thromboembolic phenomena were found. Serum globulin values 
were within normal limits. As noted with some of the other patients, there was an abnormal 
bromsulfalein dye retention after the patient had become compensated. 
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Fig. 7 (Case 13). 


Case 13.—M. K., a 34-year-old man, was admitted to the hospital on April 21, 1949, in con- 
gestive heart failure due to rheumatic heart disease. He had experienced several previous periods 
of heart failure with the last admission in April, 1948. Because of irregular clinic visits he had not 
had any form of therapy for over one month. On the ninth hospital day a thrombosis of the left 
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saphenous vein was first noted, and available data (Fig. 7) revealed that there was a hematocrit of 
47 volumes per cent, the weight loss was 18 pounds, the prothrombin was 47 per cent, and the 
fibrinogen was 0.6 per cent at the time the thrombosis was first observed. Serum globulin values 
of 4.8 Gm. per cent, 5.1 Gm. per cent, 5.4 Gm. per cent, 4.2 Gm. per cent, and 5.6 Gm. percent 
were obtained on the third, fifth, seventh, ninth, and twelfth hospital days, respectively. 
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Fig. 8 (Case 14). 


Case 14.—M. C., a 47-year-old woman, was admitted to the hospital in congestive heart 
failure on July 25, 1949. The underlying cause was hypertensive heart disease. There were 
no previous episodes of failure, and she had received no previous therapy. The cardiac rhythm 
was that of auricular fibrillation. Here again, there was noted a period during the course of 
therapy in which factors of the coagulation system were favorable for intravascular thrombosis 
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(Fig. 8). However, no thromboembolic phenomena were observed. .\ serum globulin value of 3.2 
Gm. per cent was obtained on the seventh hospital day. 


It is interesting to note in these cases that the behavior from the clinical and 
laboratory standpoint was much the same as in the first group discussed. One of 
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Fig. 9 (Case 15). 


these patients treated without digitoxin developed a phlebothrombosis (saphe- 
nous vein) at the peak of diuresis. 

The third group of patients studied was the control group in which two 
patients were observed (Group 2). 
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Case 15.—G. C., a 55-year-old man, was admitted to the urology service on July 31, 1949, 
because of a partial urinary obstruction due to benign prostatic hypertrophy. There was no 
evidence or history of cardiovascular, renal, or liver disease or edema, and he had had no previous 
operation or therapy except for relief of the obstruction. As indicated by Fig. 9, the hematocrit 
rose to above 50 volumes per cent, and the prothrombin was within normal limits, whereas there 
was little or no fluctuation from the normal of the fibrinogen and other factors. Serum globulin 
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Fig. 10 (Case 16). 


values of 4.5 Gm. per cent, 4.7 Gm. per cent, and 4.8 Gm. per cent were obtained on the seventh, 
ninth, and eleventh hospital days, respectively. The cardiac rhythm was normal, and no throm- 
boembolic episodes developed. 


Case 16.—E. P., a 40-year-old woman, was admitted to the gynecology service on Aug. 21, 
1949, without complaints for an elective surgical procedure. There was no history or evidence 
of heart, liver, or kidney disease and no edema. ‘There had been no operation or other therapy 
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prior to or during these studies. The clinical and laboratory findings (Fig. 10) revealed a hemato- 
crit rise, a weight loss, normal prothrombin values, and no fluctuation of other factors. Heart 
rhythm was normal, and no thromboembolic episodes were noted. Serum globulin values of 3.5 
Gm. per cent, 3.9 Gm. per cent, and 3.3 Gm. per cent were obtained on the third, fifth, and seventh 


hospital days, respectively. 

These control cases developed no evidence of thromboembolic phenomena, 
but they did have increases in the hematocrit levels, indicating hemoconcentra- 
tion. 

The solid lines in Figs. 11 and 12 represent the trends of the average hema- 
tocrit and prothrombin values under conditions of therapy. | We should like to 
call attention to the massing of hematocrit determinations above normal on the 
sixth to the ninth hospital days. The dispersion of prothrombin times does not 
portray the abrupt increases which occurred in some cascs. 
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Fig. 11. 


DISCUSSION 


That thromboembolic accidents are of frequent occurrence in congestive 
heart failure with or without treatment and constitute a serious problem in cardio- 
vascular therapeutics seems well established. That phlebothrombosis and _ pul- 
monary embolism are closely related to heart disease, particularly congestive 
heart failure, is well supported by recent reports. Kinsey and White" in a review 
of 200 cases of congestive failure found that pulmonary infarction was the most 
frequent complication. Hines and Hunt’ in a series of 234 cardiac cases observed 
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an autopsy incidence of pulmonary infarction of 34.6 per cent, although this com- 
plication has been diagnosed in only two of the eighty one cases studied. Hamp- 
ton and Castleman" in an autopsy analysis of 370 cases of pulmonary embolism 
and infarction found that 30 per cent of their patients had heart disease and ob- 
served that a great majority of the emboli arose from symptomless thromboses of 
deep leg veins, particularly from the popliteal region. The statistics of Levine 
and White‘ indicate that pulmonary infarction complicates heart failure in mitral 
stenosis more frequently than in hypertension. Although none of these studies 
relates specifically to the incidence of thromboembolism during recovery from 
congestive heart failure, they do point out a specific problem concerned with this 
disorder, be it during failure or during recovery from failure. 
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Fig. 12. 


Another important point that bears attention in patients with congestive 
heart failure is that of phlebothrombosis of the leg as an outstanding cause of pul- 
monary embolism. White" pointed out that these thrombi are usually of the 
bland variety and begin as a rule in the calf and extend into the long saphenous 
and femoral veins of the leg. Carlotti and associates,'* in a study of pulmonary 
embolism in medical patients, a majority of whom had cardiac disease, found 
venous thrombi in the leg veins of over 75 per cent of the patients examined. 
The incidence of venous thrombosis in the dependent veins of patients with heart 
disease, therefore, seems much higher than ordinarily suspected, and the develop- 
ment of a pulmonary embolus often points to an unrecognized thrombus in the 
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peripheral veins. For statistical purposes our series of cases is too small to draw 
any conclusions. However, thrombosis or embolism was a complication in ap- 
proximately 25 per cent of our patients (Cases 2, 4, 13, and 17), excluding the 
control subjects. 

From the standpoint of the effects of the various drugs used in congestive 
heart failure on blood coagulation, it seems important to mention a few reports. 
De Takats and associates'’:'* have suggested that digitalis may favor intravascu- 
lar thrombosis by inhibiting heparin or by mobilization of prothrombin from the 
liver or by increasing, in some manner, the thrombin or fibrinogen content of the 
circulating blood. They also pointed out that dehydration due to vomiting or 
rapid diuresis after the use of mercurial diuretics produces hemoconcentration 
and increased viscosity. Macht,'* in studies on rabbits and cats, asserted that 
mercurial diuretics given by intravenous or intramuscular injection exert a 
“thromboplastic effect’ on the blood. Russek and Zohman‘ were among the first 
to suggest a causal relationship between excessive diuresis by mercurial diuretics 
and the development of intravascular thrombosis. In 1947, Pere’? reported the 
effects of various drugs used in congestive heart failure on blood coagulaton. 
He noted that the coagulation time was shortened an average of 7 per cent by digi- 
talis, 23 per cent by strophanthin, and 54 per cent by mercurial diuretics plus 
digitalis or strophanthin. He noted a similar effect on the prothrombin time and 
found normal fibrinogen in both control subjects and in those with heart failure 
before and after the administration of strophanthin. He concluded that the ef- 
fect of these substances on coagulability was in direct proportion to the amount 
of diuresis they produced. Our studies point out that during rapid diuresis a 
definite hemoconcentration occurred and that the prothrombin values tended to 
approach normal. Inconstant changes in the fibrinogen content and coagulation 
time were noted, and we found no definite evidence that digitoxin influenced the 
coagulation mechanism. 

More recent efforts in the study of the problem of phlebothrombosis have 
been directed toward the blood coagulation system where such components as 
venous stasis, hemoconcentration with increased blood viscosity, alterations in 
prothrombin and in other plasma proteins, and sludge formation have gained con- 
siderable attention. The theory that phlebothrombosis is primarily due to in- 
creased coagulability of the blood with circulatory stasis the precipitating factor 
is supported by Ochsner,*° Moses,”! and Kirby.” Best and Taylor*’ emphasized 
the importance of slowing of the blood stream and anhydremia in the develop- 
ment of intravascular thrombosis. Waller and associates** have shown that, as 
clinica] recovery from congestive heart failure occurs and the total blood volume 
decreases, the loss of plasma at first becomes greater than the decrease in the total 
red cell mass, resulting in a slight temporary elevation of the hematocrit. Again, 
we would like to point out that hemoconcentration was the most consistent find- 
ing in our cases and the viscosity of the blood was so markedly increased in a few 
of our patients that withdrawal of blood for examination was almost impossible 
at times. As yet there is no definite evidence that an increased prothrombin 
activity leads to phlebothrombosis, though a marked depression in the prothrom- 
bin through anticoagulant therapy can prevent thrombosis. According to Cot- 
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love and Vorzimer,’ the abnormal acceleration of the diluted plasma prothrombin 
time seen in cases of thromboembolism may be a secondary phenomenon or re- 
lated to other factors, such as changes in the protein fractions of the blood. Du- 
rant” pointed out that changes in the plasma proteins, such as an increase in 
fibrinogen or a shift in the albumin-globulin ratio in favor of the globulin frac- 
tion, may be factors favoring thrombosis. In our cases an increase in fibrinogen 
was an inconstant finding; however, in several there was an absolute increase in 
the globulin fraction as the patient reached a dry weight. As for the problem of 
sludge formation, the reader is referred to the work of Knisely and associates” 
and Laufman and co-workers.?? 

The importance of altered liver function in cardiac failure, as pointed out by 
Chavez and associates** and Felder and co-workers,?* must be considered in some 
of our cases. However, no definite conclusions can be made from the data at 
hand. 

It seems apparent that stasis alone should not in itself produce thrombus 
formation, but fairly rapid changes in the coagulation system of the blood in the 
presence of stasis due to heart disease may definitely favor phlebothrombosis. 
Concerning this last point, we should like to point out that hemoconcentration 
with increased viscosity of the blood, as revealed by abnormally elevated hema- 
tocrit levels accompanied by less consistent findings of increasing prothrombin 
values, elevated fibrinogen values, rapid coagulation times, and increased globulin 
fractions, preceded the thromboembolic episodes which occurred in the cases 
presented. 

A final statement about therapy seems indicated. Wishart and Chapman*® 
and Harvey and Finch,*! in recent studies of the effects of Dicumarol therapy in 
congestive heart failure, stated that the use of anticoagulants gives greater pro- 
tection from thromboembolic episodes in patients with this disorder. Rather 
than to administer anticoagulants to every case of congestive heart failure, we 
feel that their use would seem to be indicated in the dehydration period of cases of 
congestive failure when the patient is debilitated and early ambulation is difficult, 
when the patient has auricular fibrillation and the danger of dislodging mural 
thrombi is present, when there is evidence of marked atherosclerosis, particularly 
of the coronary and cerebral vessels, when there is a history of previous thrombo- 
embolic episodes, and when thromboembolic complications develop during any 
phase of congestive failure. From the standpoint of preventive therapy it seems 
important to emphasize the necessity of avoiding sudden changes in the blood 
viscosity and hematocrit by producing less rapid diuresis through smaller or less 
frequent doses of mercurial diuretics, by early and active mobilization of the legs, 
and by careful examination of the patient for the development of phlebothrom- 
bosis. 

SUMMARY AND CONCLUSIONS 


1. Fifteen cases of congestive heart failure plus two control cases were 
studied to determine the effects of rapid dehydration on the blood coagulation 
system. Approximately 25 per cent of the fifteen patients developed recogniz- 
able thromboembolic complications. 
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2. It is our impression from this study that by producing hemoconcentra- 
tion and increased viscosity of the blood with less constant findings of increasing 
prothrombin values, elevated fibrinogen values, rapid coagulation times, and in- 
creased globulin fractions, rapid and marked diuresis plays an important role in 
the pathogenesis of thromboembolic complications encountered in patients being 
treated for congestive heart failure. 

3. The thromboembolic complications noted in this study occurred between 
the sixth and the ninth days of therapy during which time the average hematocrit 
for all patients was at its peak and during which time a concentration of factors 
favoring intravascular thrombosis was usually present. The second week of 
therapy seemed to be a critical period for these patients. 

4. Prophylactic anticoagulant therapy in selected cases in addition to care- 
ful observation for hematocrit changes and avoidance of other sudden changes in 
the coagulation system would seem to provide further safeguards against throm- 
boembolic episodes during recovery from congestive heart failure. 


The authors gratefully acknowledge the technical assistance provided by the laboratory of the 
Indianapolis General Hospital and the clinical laboratory of the Eli Lilly Research Department, 
Indianapolis, Ind. The figures were prepared by James Glore of the Department of Illustrations, 
Indiana University Medical Center. 
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EXPERIMENTAL PARASYSTOLE 


Davip ScuerF, M.D., AND Forrts B. Cuick, M.D. 


New York, N. Y. 


ORMALLY the excitation wave spreading over the heart depolarizes every 

cell and prevents all potential centers from forming stimuli. Therefore, 

there is only one active center, “‘the pacemaker” in the sinus node which forms 

stimuli faster than other centers; the so-called secondary centers in the atrio- 
ventricular node and the tertiary centers in the ventricles are silenced. 


Under abnormal conditions it may happen that a lower center is not dis- 
turbed by the conducted stimulus; because of its inherent automaticity it will 
then start to form stimuli rhythmically. Every stimulus, provided it is above 
threshold and arrives at a time when the heart muscle is not in the refractory 
phase, will elicit a response. Thus, two automatic centers may exist simul- 
taneously in the heart, the basic (usually sinus) rhythm and the abnormal, 
ectopic, automatic rhythm. The coexistence of two independent rhythms in the 
same chamber of the heart has been called parasystole, and this particular form 
is parasystole with simple interference of two centers. 


The existence of parasystolic arrhythmias was not readily accepted by the 
profession. It was necessary to assume that a center in the ventricle is ‘‘pro- 
tectively blocked"’ and, therefore, not affected by the stimuli spreading over the 
heart; it was this requirement that created the greatest difficulty. Analysis of 
clinical cases convincingly showed, however, that a ventricular center forming 
rhythmic stimuli need not be influenced by stimuli arising in other centers.'!?? 
Furthermore, the occurrence of a protective block was demonstrated experi- 
mentally. For example, in the dog’s heart in situ, after cardiac excitability is 
reduced by the administration of small doses of quinine which prevent the ap- 
pearance of ventricular fibrillation, mechanical or electrical stimulation of the 
ventricles will provoke chains of ectopic beats which are not influenced by other 
stimuli spreading over the heart.*° Sensitization of the heart with minute 
amounts of barium or aconitine facilitated the appearance of such chains of ab- 
normal beats on mechanical stimulation, but parasystole did not appear after 
these drugs were administered alone.*! Only electrical or mechanical stimulation 
of the heart combined with the administration of these substances provoked tem- 
porary parasystole. This was necessarily of short duration because the chains 
of abnormal beats caused by electrical or mechanical stimulation rarely comprised 
more than 40 cycles. They disappeared with gradual slowing of the rate. 
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In the present report a simple method will be described which enabled us to 
obtain parasystole with interference of two rhythms lasting for three to five min- 
utes. The method consists in the topical application of veratrine to the ven- 
tricular surface without any additional stimulation. 


METHOD 


All experiments were performed on dogs anesthetized with Nembutal, in- 
jected intraperitoneally. The sternum was removed and the pericardium was 
opened after artificial respiration had been instituted. Both vagus nerves were 
severed in the neck. The electrocardiogram was routinely taken in Lead II. 
A 0.5 per cent solution of veratrine alkaloid was used. It was slightly acidified 
with dilute hydrochloric acid until the veratrine was dissolved and then neu- 
tralized with sodium hydroxide. In some experiments a 0.25 or 0.5 per cent 
solution of veratridine or cevadine was used.* These solutions remained active 
for four to eight weeks. Veratrine is a mixture of various alkaloids (veratridine, 
cevadine, cevine) and is not a pure substance. Veratridine is the veratric acid 
ester of cevine.”' The solutions of veratrine or veratridine were applied on the 
epicardial surface of the ventricle with the aid of a small quadrangle of filter 
paper, or 0.05 c.c. of the solutions was injected subepicardially in a similar way 
as in previous investigations of the authors.!7.” 


RESULTS 


In all experiments the topical application of veratrine provoked the appear- 
ance of a heterotopic rhythm within 50 to 60 seconds, originating in the area on 
which the veratrine was applied and persisting for a few minutes. The hetero- 
topic stimuli interfered regularly with the existing sinus rhythm. The three 
cardinal signs of parasystole were always present: (1) the length of the coupling 
varied; (2) combination beats (summation, fusion beats) appeared; and (3) the 
periods free from ectopic beats which were filled by sinus beats had the length of a 
simple multiple of one ectopic period. 


Thus, in the experiment from which Fig. 1 was obtained 0.05 c.c. of the vera- 
trine solution was injected subepicardially into the conus of the right ventricle. 
The prevailing sinus rhythm had a rate of 142. In approximately 20 seconds a 
regular ventricular tachycardia appeared which apparently originated at the site 
of the injection. The ventricular ectopic beats interfered with the sinus rhythm. 
The abnormal beats had a period of 0.38 to 0.40 second, corresponding to a rate 
of 150 to 157 beats per minute. The first two beats in Fig. 1 were ectopic right 
ventricular beats. Then a sinus beat appeared, the P of which was visible in the 
preceding T. The next ventricular complex showed a combination form be- 
tween a sinus and an ectopic beat. One may assume that an ectopic stimulus 
had formed when a sinus beat just spread over the ventricles. Then, one sees a 
series of five ectopic ventricular contractions followed by four beats, two of which 


*We are indebted to Dr. N. B. Dreyer and Dr. O. Krayer for making veratrine and veratridine 
available to us. 
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were normal sinus beats and two combination beats. This was again followed 
by nine ectopic beats. At times, the large P waves of the sinus beats were visible 
between the QRS complexes and the T waves of the ectopic beats. After a longer 
diastole filled by two sinus beats and three combination beats with different de- 
grees of deformity, a new series of ectopic beats set in. In the short tracing of 
Fig. 1 it is possible in three places to measure the distance between the last ectopic 
beat of one series and the first ectopic beat of the next one. The duration of 
these three intervals measured: 113 (or 0.377 X 3), 196 (0.392 * 5), and 276 
(0.394 < 7). Thus, the length of the intervals filled by sinus and combination 
beats is regularly a multiple of a 0.38 to 0.39 period. This proves that the ectopic 
center works with a continuous rhythm without being disturbed by the sinus 
beats. The other intervals in the long tracing from which Fig. 1 was taken obeyed 
the same rules. 

The coupling of the first ectopic beat of a series to the preceding sinus beat 
varied. ‘This is obvious from simple inspection of the tracing. Thus, the first 
coupling in Fig. 1 measured 0.33 and the second one 0.40 second. 


When the veratrine solution was applied to different areas of the same ven- 
tricle or on the left ventricle, the same type of arrhythmia appeared with ap- 
proximately the same rate of the heterotopic ectopic rhythm. Only the form 
of ectopic beats varied. Of interest was the experience that with a higher rate of 
the sinus rhythm, faster ectopic rhythms were obtained. 

Fig. 2 was obtained in an experiment with higher rates of both rhythms; a 
sinus tachycardia of 214 with a period of 0.28 second existed. After subepicardial 
injection of veratrine on the conus of the right ventricle, ventricular ectopic 
beats appeared. One period of the regular ectopic beats measured 0.26 second, 
that is, a rate of 230. Owing to the presence of large P waves in the sinus beats, 
the interference of both rhythms was clearly visible. Combination beats were 
present. The ectopic rhythm interfered with the sinus rhythm. At two places 
in Fig. 2 the intervals between the last ectopic beat of one series and the first one 
of the next can be measured. They were 131 (0.262 < 5) and 160 (0.266 x 6) 
seconds long. We are therefore dealing with a simple parasystole. 


The close parallelism between the rates of the prevailing sinus rhythm and 
the rate of the ectopic rhythm caused by the tachycardia is evident from Table I 
in which the rates of both in twelve experiments are tabulated. The table shows 
that with slower rates of the sinus rhythm, the rate of the ectopic rhythm was 
also slower, and whenever the rate of the sinus rhythm increased, even during the 
same experiment, the ectopic rhythm was also faster. It is also remarkable that 
the difference in the rate of the two rhythms was only slight, and sometimes the 
rates were actually the same. This permitted the slow, prolonged interferences 
between the two rhythms to appear. 

In all of eight experiments in which more than one focus was created by ap- 
plication of veratrine, the same rates were measured in each ectopic rhythm. 
When veratrine had been applied simultaneously on different foci, interferences 
between the ectopic rhythms thus created were observed. 
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I. LeNGTH OF DIASTOLES (IN HUNDREDTHS OF A SECOND) OF SINUS RHYTHM 
AND Ectopic RHYTHM IN TWELVE EXPERIMENTS 


DATE RATE OF SINUS RHYTHM RATE OF ECTOPIC RHYTHM 

January 9 54 46 
February 1 44 36 

44 40 
March 29 32 30 
April 5 36 30 
April 12 34 28 
May 3 40 36 

40 38 
May 10 35 30 

36 36 
May 17 36 32 
May 18 46 44 

48 48 
May 24 44 44 
May 31 30 28 

40 38 
December 14 48 46 

42 40 


Fig. 3 was obtained in such an experiment, for veratrine had been applied 
on the apical area of the left ventricle and, a few seconds later, on the conus of the 
right ventricle. Due to very slight variations of the rate of both rhythms, at 
first one and soon the other became the actual pacemaker for the ventricles. The 
rate of both was around 150 per minute. In Fig. 3 an ectopic tachycardia from 
the left ventricle was replaced by one from the right ventricle. 

Since it is impossible to reproduce a longer tracing in order to show the 
presence of a true parasystole with interference, we measured the successive dias- 
toles in one long continuous tracing. The figures obtained are reproduced in 
Table II. The durations of diastoles preceding normal beats, between normal 
beats, and following normal beats, are printed in italics. The addition of the 
length of these periods gives the time elapsing between ectopic beats. It is 
easily seen that an ectopic period lasts between 0.29 and 0.30 second and the 
length of the intervals filled by sinus beat is always an exact multiple of an ectopic 
period. This proves the constant independent activity of an ectopic focus, a 
true parasystole. The rhythm of the ectopic beats was regular, and they slowed 
somewhat just before they disappeared. 

It should be expected that in a parasystole with interference of two rhythms 
stimulation of the vagus nerves in the neck, by inhibiting the sinus rhythm, 
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permits the parasystolic rhythm to become manifest without any disturbance. 
This event has not previously to our knowledge ever been demonstrated ex- 
perimentally. Fig. 4, however, shows it clearly. In this experiment veratrine 
had again been applied on the conus of the right ventricle. The large P waves 
permitted one to measure the rate of the sinus rhythm at 120 per minute. The 
distance between two ectopic beats was 0.34 second, corresponding to a rate of 
176 beats per minute. The tracing seems to show a trigeminal rhythm, for one 
sinus beat was followed by two extrasystoles. Closer analysis and inspection 
shows that many sinus beats were deformed because of the simultaneous activa- 
tion of parts of the ventricles by the ectopic stimulus (combination beat), so that 
actually we are dealing with an interference between a sinus rhythm and an 
ectopic rhythm; only the small difference in rate caused the temporary appear- 
ance of a trigeminal arrhythmia. While the last one-third of the tracing was ob- 
tained, the right vagus nerve in the neck was stimulated with a strong faradic 
current. The beginning of the stimulation is evident from the blurring of the 
tracing caused by intrusion of alternating current. At the beginning of the vagus 
stimulation the sinus rhythm disappeared and the ectopic rhythm proceeded un- 
disturbed. 


TABLE II. DURATION OF SUCCESSIVE PERIODS IN ONE TRACING OF 
EXPERIMENTAL PARASYSTOLE 


30 30 31 
30 29 27 
28 29 33 
32 30 29 
30 28 31 
30 31 30 
29 29 30 
31 29 29 
29 30 30 
29 28 32 
31 30 29 
29 29 30 
30 30 30 
30 30 30 
30 28 27 
28 32 32 
31 30 30 
28 30 30 
30 30 30 
29 29 30 
29 28 29 
30 32 31 
29 29 30 
30 30 30 
29 30 


In more advanced stages of the experiment, after veratrine had been applied 
repeatedly and was absorbed in sufficient quantities, vagus stimulation became 
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ineffective. This failure of the heart to respond to electrical stimulation of the 
vagus nerve was not due to a simulated vagus block caused by the escape of auto- 
matic ventricular centers. In this stage, cooling of the sinus node area, however, 
was effective in slowing the sinus rhythm. In one experiment, in which cevadine 
was applied on the right ventricle, a short parasystole appeared. After it had 
subsided, cooling of the sinus node caused it to recur (Fig. 5). In the center of the 
trading, the series of ectopic beats was interrupted because one sinus beat suc- 
ceeded in reaching the ventricles. The resulting pause, free from ectopic beats, 
was exactly as long as two ectopic periods, proving that the sinus beat did not 
affect the stimulus formation in the ectopic center. 

Warming of the ectopic center slightly increased its rate. 

A true bigeminy or trigeminy was never obtained in these experiments. 
Occasionally, however, they were simulated, as in Fig. 4, by the slow interference 
of the two rhythms. The absence of a regular bigeminy or trigeminy is very 
interesting since topical application of sodium or barium chloride as well as of 
digitalis or strophanthin on the epicardium of the dog’s ventricle regularly elicits 
such arrhythmias.!?*! 

We did not obtain ventricular fibrillation by focal application of veratrine. 
It readily appeared, however, after intravenous injection. Application of vera- 
trine to the auricle led to the appearance of auricular tachycardias or fibrillation. 

An ectopic rhythm which had been provoked by the application of veratrine 
and had disappeared was temporarily re-elicited by striking the area with a blunt 
instrument. 

In only two of more than forty experiments in which a 5 or 10 per cent solu- 
tion of sodium chloride was applied topically on the ventricle was a parasystolic 
rhythm observed. Fig. 6 shows the tracing obtained in one of these experiments 
after a 10 per cent solution of sodium chloride had been applied on an area about 
4 mm. in diameter on the left ventricle near the apex. The parasystole appeared 
within a few seconds. The sinus periods varied between 0.41 and 0.42 second 
(rate of 142 and 146), and the abnormal periods measured 0.36 to 0.38 second 
(rate of 153 to 157). The P waves of the sinus rhythm were large, and the inter- 
ference of the rhythms was clearly visible. In four places the chain of ectopic 
beats was interrupted by one or two sinus or summation beats. These pauses 
measured 109 (36.3 X 3), 72 (36 X 2), 114 (38 x 3), and 116 (36.6 x 3). The 
successive couplings of the first ectopic beats of each series to the preceding sinus 
beat varied between 0.37 and 0.51 second. 


DISCUSSION 


The experiments just described show that veratrine topically applied to the 
ventricular surface of the dog heart in situ provides a method which permits one 
for the first time to elicit regularly and easily a typical parasystole with simple in- 
terference of two rhythms. The simultaneous presence in the ventricles of a 
regular sinus rhythm and a regular heterotopic rhythm, the fact that the intervals 
in which sinus beats appear are a simple multiple of one ectopic period, the ap- 
pearance of summation beats because of activation of the ventricles partly by a 
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sinus and partly by an ectopic stimulus, and, finally, the changes in the length 
of the coupling fulfill all conditions for the diagnosis of a parasystole. There is, 
however, one important difference between the parasystole in these experiments 
and that seen in most clinical cases. In clinical parasystole the rate of the ectopic 
center is usually slow, between 30 and 40 beats per minute; whenever the con- 
ducted stimulus does not break into a deeper center and thus does not interfere 
with its activity, the latter develops its own automaticity which has a slow rate. 
Here, on the other hand, the sinus rhythm interfered with a more rapid ectopic 
rhythm caused by the application of veratrine. 

The fact that the ectopic center forms stimuli rhythmically, even while sinus 
beats spread over the heart, proves that this center is protected from the sinus 
stimuli, a condition which has been called “protection block."” Fleming,> who 
was the first to consider the possibility that extrasystoles may be caused by the 
interference of an ectopic center with the normal pacemaker, recognized the 
necessity to explain the independent action of the former. He thought that the 
ectopic center “lies in what may be called a backwater of primitive cardiac tissue, 
and while stimuli can stream down this backwater, physiological stimuli passing 
down the main channel are unable to disturb the point where the ventricular stim- 
uli arise.’’ Later authors, who contributed so much to our knowledge of para- 
systole, considered the protective block a result of a conduction disturbance, 
comparable to that seen in the atrioventricular bundle."'?? Therefore, the term 
protective block was chosen. The basic assumption that physiological stimuli 
spreading over the heart cannot influence the ectopic center while the stimuli 
formed in this ectopic center can spread over the ventricles whenever they appear 
outside of the refractory phase made it necessary to consider this protective block 
as acting like a semipermeable membrane and permitting stimuli to leave but not 
letting them enter. This was the chief reason for the resistance which the theory 
of parasystole encountered. Thus, Griffith,’ in a discussion of this problem, 
pointed out that “‘it is indeed difficult to picture to one’s mind a portion say, of 
ventricular muscle, surrounded as it were, like Bruennhilde in the opera, by some 
barrier which on the one hand protects it from having to participate in the suc- 
cessive contractions of the ventricle, and on the other hand leaves it free to send 
out rhythmical impulses.” 

With the discovery of the existence of a unidirectional block?* and with the 
experimental proof that an ectopic center need not be influenced by other stimuli 
spreading over the heart,'®*' the presence of a protection block became accept- 
able. There is, however, a difference between a unilateral block in a muscle strip 
and one in a center within the heart. In the latter the block zone would have to 
surround the center in all directions; it is difficult to assume a spherical block 
around the center. Nevertheless, many authors, even in recent times, still re- 
tain the assumption of such a block zone. In experimental parasystole it was 
shown that a rapid stimulus formation of the ectopic center per se may suffice to 
protect it from other stimuli.'® If the rate of the ectopic center is 300 and above, 
the rapid stimulus formation alone protects the deeper center since it does not 
permit outside stimuli to enter. In the clinical cases of parasystole the rate of the 
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ectopic center is slow, and in the experiments reported in this paper there were 
diastoles of sufficient length between the ectopic beats to permit conducted stimuli 
to enter. 


The occurrence of an interference of several rhythms in excised branches of 
specific tissue** shows that a protection of the ectopic centers may occur in very 
small masses of tissue. In the sinus node, the atrioventricular node, and the bun- 
dle branches, strands of connective tissue isolate groups of fibers from each other 
and facilitate interferences of independent rhythms. There is no doubt, how- 
ever, that in the experiments reported in this paper the ectopic focus was situated 
in the superficial layers of the myocardium where such isolating septa are absent. 
We pointed out before* that it is not necessary to assume that an area of block 
surrounds the center. A parasystole will occur when a specific fiber is changed in 
such a way that the conducted stimuli do not excite it. Under these circum- 
stances, the specific fiber involved will send out stimuli with a slow rate which is 
characteristic of deeper, tertiary centers. Thus, we are not forced to assume that 
in order to obtain a parasystole two mechanisms have to work simultaneously: 
the formation of ectopic stimuli and the presence of a spherical protection block 
surrounding the ectopic center. The appearance of an exit block is easily ex- 
plained since not every stimulus formed by a center need be answered by the 
surrounding myocardium. Thus, protective and exit blocks are explained simply 
by the relation between the strength of the conducted and of the ectopic stimulus 
on the one hand, and the excitability of the abnormal center and the surrounding 
tissue on the other hand. Since an actual block does not exist, it was proposed 
to abandon the term protection ‘‘block’”’ and to speak simply of ‘“‘protection’”’ of 
the ectopic center.” 


The regular appearance of parasystole after the topical application of vera- 
trine to the ventricular surface is an unexpected result, and it is not easily explained 
on the basis of the known actions of veratrine on nerve, skeletal muscle, and 
heart. The study of the effect of veratrine on stimulus formation in nerve and 
heart muscle, particularly the specific tissues of the heart, has supplied interesting 
data. The typical veratrine response of nerve and muscle consists in a prolonged, 
repetitive formation of impulses following one stimulus. This leads to contrac- 
ture in the skeletal muscle. There is simultaneously a very marked increase of 
the negative after potential and an increase of supernormality and excitability. 


Following veratrine, one stimulus was found to be followed by a series of 
repetitive discharges in the nerve, in the end plate of the muscle, and in the - 
Purkinje fibers.'*"* Most interesting and important are the experiments of 
Goldenberg and Rothberger*® who saw repetitive stimuli formed during the long 
negative afterpotential following each stimulation and depolarization of a strand 
of specific fibers from the dog’s heart. The tracings show the equivalent of a 
short paroxysmal tachycardia following each stimulus spreading over the heart. 
The repetitive responses were certainly dependent on the negative afterpotential. 
While a broad correlation between negative afterpotential and repetitive stimulus 
formation seems certain, closer study reveals some discrepancies.**:”: There- 
fore, one may assume that the negative afterpotential in some way facilitates the 
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abnormal stimulus formation, but it is not the only factor in its appearance. It 
has also been shown that the afterpotential collapses immediately when an im- 
pulse spreads over the area on which it had appeared following application of 
the drug." 

In the experiments reported in this paper we are dealing with another specific 
type of stimulus formation. Here abnormal stimuli did not appear during the 
afterpotential of another ‘“‘initiating’’ stimulus as in the experiments quoted 
above. Rather, here a center existed which formed rhythmic stimuli spontane- 
ously and independently. This parasystolic, automatic stimulus formation must 
be distinguished sharply from the extrasystolic, forced one, which depends on 
another stimulus. Parasystolic stimulus formation is autonomous, while extra- 
systolic stimulus formation depends on the beat initiating and preceding it.”! 
Increased spontaneity has been observed after larger doses of veratrine in the 
heart muscle, but not in nerve and skeletal muscle."* Severe poisoning with 
veratrine inhibits the development of an increased negative afterpotential and 
an increased excitability with repetition in nerve.’ It also inhibits conduction. 
One may assume that with our technique a local effect is produced which is com- 
parable to severe poisoning. Therefore, we obtain a mode of stimulus formation 
in which repetition initiated by a sinus stimulus plays no part, but block of con- 
duction is present. In a study of the action potentials of the ventricular muscle 
exposed to veratrine, an increased excitability with a simultaneous conduction 
disturbance has been seen in an early stage of poisoning.’ On nerves painted 
with veratrine a repetitive response is obtained. In our experiments the absence 
of this phenomenon, which should be recognized by the appearance of chains of 
extrasystoles with fixed coupling, was therefore striking. 

Like most veratrine effects, the parasystole described in the present paper 
can be elicited by other substances as well, as Fig. 6 shows. This effect, however, 
was seen only twice in more than forty experiments in which a hypertonic solu- 
tion of sodium chloride, which readily causes bigeminy,'’ was applied to the 
ventricular surface. Veratrine, on the other hand, regularly caused parasystole 
and never caused extrasystoles with fixed coupling, even when different con- 
centrations were used or when warming or cooling of the focus on which the alka- 
loid had been administered was employed. Faradic stimulation of the vagus and 
sympathetic nerves also did not elicit extrasystoles with fixed coupling in these 
experiments. This absence of coupled beats is the more interesting since they 
appear readily on focal application of digitalis and strophanthin.” The veratrine 
alkaloids have often been compared with digitalis glycosides.” 

The arrhythmias described above may appear to be the consequence of a 
nonspecific injury and not the result of a specific action of veratrine. Depolari- 
zation due to chemical action may lead to the formation of a current of injury, 
and this may cause extrasystoles; chemical depolarization may cause the building 
up of local potentials which, on attaining a certain height, may set up impulses. 
Previous studies have shown, however, that topical application of different 
substances on the cardiac surface leads to different effects. Potassium, which 
causes the greatest injury, never provokes abnormal stimulus formation and 
abolishes one which is already present. Only exceptionally do calcium salts lead 
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to the appearance of extrasystolic arrhythmias, while sodium or barium chloride, 
digitalis, and strophanthin regularly cause them and ventricular tachycardia as 
well. Furthermore, each of these substances causes the arrhythmias after a 
different latency and with different characteristics. Thus, the extrasystoles after 
application of digitalis appear later than those after strophanthin; barium as 
well as digitalis causes irregular tachycardias, while the heterotopic tachycardias 
are absolutely regular after sodium chloride.'? 

From these experiences it seems safe to conclude that in the present experi- 
ments we are also dealing with a specific action of veratrine and not with a re- 
sponse due to injury. This assumption does not preclude the possibility that 
veratrine causes a constant localized change of polarization of a specific nature 
which, in turn, leads to a rhythmic stimulus formation of a parasystolic character. 
Such an event would make the appearance of the phenomenon of protection of the 
ectopic center understandable and would help to explain the fact that the rate 
of the ectopic rhythms in a given experiment is the same wherever the veratrine 
is applied to the ventricular surface. 

The parallel variations of the rate of the sinus beats and that of the abnormal 
ectopic beat (Table I) are of interest. Similar variations of the existing sinus 
and parasystolic rhythms have also been observed clinically.'"' It is known that 
in hearts with a rapid sinus rhythm the automaticity of the deeper centers, the 
atrioventricular centers for instance, is also rapid. This is understandable be- 
cause the same nervous, hormonal, and electrolyte influences are acting simul- 
taneously on each center. This parallelism in the present experiments proves 
that the ectopic rhythm, although rapid, is in its genesis not too remote to the 
existing sinus rhythm. In investigations on isolated parts of the atrioventricular 
conduction system, interference of several independent rhythms has been ob- 
served following administration of veratrine.** It is striking that the rate of 
these automatic rhythms in the same experiments varied but little. 

We found veratrine solutions more effective than veratridine solution in 
causing these arrhythmias. Cevadine was as active as the mixture of alkaloids 
contained in commercially available veratrine. On intravenous injection Moe 
and Krayer'® found that veratridine elicits arrhythmias more readily than vera- 
trine. 

These experiments also raise the problem whether rhythmic stimulus forma- 
tion may occur in the common myocardium without participation of specific 
tissue. It is widely accepted that abnormal rhythmic stimuli are formed in 
specific tissue alone.'* Since veratrine causes the appearance of an ectopic 
rhythm a few seconds after application on any part of the ventricular surface, 
it may be claimed that this speaks in favor of stimulus formation in the common 
myocardial fiber. It has been asserted repeatedly that specific fibers penetrate 
the common myocardial wall and almost reach the cardiac surface, but it is doubt- 
ful whether histological differentiation of single specific fibers from common 
myocardial fibers is possible. We consider it probable on the basis of our ex- 
perience that the application of aconitine, veratrine, barium, digitalis, and so 
forth, on common myocardial fibers may cause rhythmic stimulus formation 
without participation of the specific tissue. 
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SUMMARY 


Topical application of a 0.5 per cent solution of veratrine and of a 0.25 
or 0.5 per cent solution of veratridine or cevadine on the exposed ventricular 
surface of a dog’s heart caused the immediate appearance of a simple parasystole 
with interference between a sinus and an ectopic rhythm. 


This parasystole showed the phenomena of a continuously variable coupling, 
of combination beats, and of a protection of the ectopic center from conducted 


sinus beats. 

If parasystolic foci were induced from different areas of the same or the 
other ventricle, they exhibited the same rate. The rate was usually slightly 
faster than the sinus rate present at the moment, and the rate of both centers 
showed parallel variations. 

Inhibition of the sinus rhythm by stimulation of the vagus nerves permitted 
the ectopic center to work continuously and without disturbance. 

This action of the veratrine alkaloids is independent from the ‘“‘veratrine 


effect.”’ 
The nature of the “protection block” in parasystole is discussed. 
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CORRELATION OF THE ELECTROCARDIOGRAPHIC PATTERN OF 
RIGHT HEART STRAIN AND EVIDENCE OF RIGHT VENTRICULAR 
HYPERTENSION IN CONGENITAL HEART DISEASE 


ARMOND Gorpbon, M.D., AND HARRY GOLDBERG, M.D. 


CHICAGO, ILL. 


HE diagnosis of right ventricular hypertrophy is difficult to establish in 

infants and children. The usual physical diagnostic procedures are often 
inconclusive. Roentgenography and fluoroscopic examination of the heart, 
in this respect, are of limited value.' This raises the question of the value of 
the electrocardiogram in the diagnosis of right ventricular hypertrophy and 
strain. 

Recently, correlative studies of electrocardiographic patterns and autopsy 
data in cases of congenital heart disease have been reported.2* + Intracardiac 
catheterization offers a physiological approach to this problem since right ven- 
tricular hypertension and its resultant strain may now be detected early. This 
study was undertaken in an attempt to correlate the physiological data obtained 
during cardiac catheterization with the electrocardiograms of children with con- 
genital malformations of the heart that lead to right ventricular hypertension. 


MATERIAL AND METHODS 


The cases were selected in the following manner: The electrocardiographic 
files of the Heart Station at Michael Reese Hospital were surveyed and all the 
cases of infants and children up to 15 years of age whose electrocardiograms 
were interpreted as being consistent with right heart strain were selected. From 
these cases all those with available catheterization data were chosen. Our 
tentative criteria for right heart strain are based chiefly on abnormal R/S ratios 
in Vaan and V,. The R/S ratio at birth is normally infinity in V4 and Vi; 
it then decreases gradually and approaches 1 at about 3 years of age and is 
normally less than 1 thereafter... We have not used S-T-T changes nor “‘in- 
trinsicoid”’ deflection time as part of our criteria because we did not find them 
to be consistent in these age groups. 

The cardiac catheterization files were then independently checked and all 
cases with right ventricular systolic hypertension within this age limit were 
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selected. The upper limits of normal for right ventricular and pulmonary artery 
pressures in the experience of the department are 30/6 and 30/10 mm. Hg, re- 
spectively. 

In selecting our cases by the methods just described we had available for 
study patients whose electrocardiograms were interpreted as being consistent 
with right heart strain and those patients who were found to have right ventricular 
hypertension on cardiac catheterization. The diagnoses of the twenty-one cases 
used in this study are listed in Table |. The electrocardiograms in all cases 
were analyzed, and the amplitudes of the R, S, and R’ waves were measured and 
the R/S ratios calculated in V 4x, Vi, V5, and V¢. (In three cases V2 was sub- 
stituted for V,, and V4z and V¢ were not available.) The results were then 
correlated with intracardiac pressures (recorded by means of Sanborn electro- 
manometers or the Poly-Viso) obtained during cardiac catheterizations. 


RESULTS 


The results are summarized in Tables | and Il. The R/S ratio of V 4p and 
\, was greater than 1 in eleven patients over 4 years of age and was infinity in 
one patient 22 months old. These abnormal R/S ratios were interpreted as 
being diagnostic evidence of right heart strain. In the other nine cases a diagnosis 
of right heart strain could not be made from the electrocardiogram despite the 
presence of right ventricular hypertension. 

These nine electrocardiograms could be divided into four groups. In the 
first group were three patients whose electrocardiograms were interpreted as 
being within normal limits (Cases 2, 7, and 11). In the second group was a 
patient whose electrocardiogram was interpreted as being consistent with left 
heart strain (Case 8). In the third group were three patients whose electro- 
cardiograms were interpreted as being definitely abnormal, but without a strain 
pattern (Cases 15, 16, and 18). In the fourth group were two patients in whom 
there was an insufficient number of leads to make a definitive diagnosis (Cases 
19 and 21). 

DISCUSSION 


Although the patterns of right heart strain have been the subject of 
many investigations in adults,®-* the criteria for right heart strain in infants and 
children have not been determined. This is in great part due to the fact that the 
normal ranges for this age group have only recently been defined.>:“ 

One can readily realize the difficulties in diagnosing right heart strain in 
infants and children when one studies the electrocardiograms of normals in this 
age group. It has been shown’ that the electrocardiogram of a normal infant 
at birth shows a pattern of right ventricular dominance. This is easily under- 
standable when one considers the physiology of the fetal circulation. During 
this period of life, the pressures within the right and left ventricles are equal. 
This is due to the fact that the collapsed lungs offer increased resistance to 
blood flow through them. ‘The blood leaving the right ventricles, therefore, passes 
into the systemic circuit via the patent ductus arteriosus; hence, both ventricles 
are pumping against the same resistance load, namely, that of the systemic 
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circuit, so that physiologically and anatomically these chambers are equal.!° 
Since both ventricles have the same mass and the right ventricle is closer to the 
anterior chest wall, it is not surprising that the precordial leads in the newborn 
infant show the picture of right ventricular dominance. 


TABLE II. CORRELATION OF ELECTROCARDIOGRAPHIC AND CATHETERIZATION DATA 


NO. OF 
CASES 
Right heart strain in the electrocardiogram 12 
Right ventricular hypertension 21 
Right heart strain with right ventricular hypertension 12 
Right heart strain without right ventricular hypertension | 0 
Right ventricular hypertension with electrocardiographic evidence of right heart strain) 12 
Right ventricular hypertension without electrocardiographic evidence of right heart} 
strain 9 


At birth, with expansion of the lungs and decrease in the pulmonary vascular 
resistance, the pressure within the right ventricle falls. This chamber, as a result 
of the decreased resistance load, gradually undergoes relative involution. Elec- 
trocardiographically, the right ventricular dominance persists until approximately 
3 years of age, at which time the left ventricle becomes the more dominant. 
This evolution continues until the age of 5 years at which time the adult QRS 
pattern is seen. Therefore, the diagnosis of right ventricular strain in children 
below 3 years of age is extremely difficult to make from a single electrocardiogram. 

In our series there were seven patients under three years of age and in only 
one (Case 1) could the diagnosis of right heart strain be made from a single elec- 
trocardiogram. However, in two of the patients only Leads V2, V4, and V; 
were available and were insufficient to make a definitive electrocardiographic 
diagnosis. 


In two of the patients the electrocardiograms were definitely abnormal. 
They were similar and conformed to the pattern observed in instances in which 
there was aberrant origin of the left coronary artery from the pulmonary artery!” 
(see Fig. 1). The pattern seen in these patients may well have masked the find- 
ings of right heart strain. In two instances, the electrocardiogram was in- 
terpreted as being within normal limits for this age. On the other hand, a def- 
inite electrocardiographic diagnosis of right heart strain could be made in eleven 
of the fourteen patients over 3 years of age. 


In one patient over 3 years of age, the electrocardiogram was definitely ab- 
normal and resembled the picture observed with aberrant origin of the coronary 
vessels. In a second patient, there were insufficient leads to make a definitive 
electrocardiographic diagnosis. In the third patient, a diagnosis of left heart 
strain was made. This was a patient with a patent ductus arteriosus and coarcta- 
tion of the aorta. The combination of these lesions appeared to place the strain 
primarily upon the left ventricle. In this case, the right ventricular hyper- 
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tension may be secondary to pulmonary vascular changes."* The left ventricular 
strain is proportionately greater and hence dominates the electrocardiographic 
picture. 

In this regard, it is interesting to note the changes in the electrocardiograms 
in Case 17. This was a patient with a patent ductus arteriosus, a pulmonic 
stenosis, and an interventricular septal defect. At the age of 13 years, an elec- 
trocardiogram revealed a pattern consistent with left heart strain. Shortly 
thereafter, surgical ligation of the patent ductus was performed. Within a 
period of two years following the operation, the pattern of right heart strain 
appeared (Fig. 2). This would seem to indicate that when more than one 
lesion is present and a strain is placed on both ventricles, one or the other may 
predominate in the electrocardiographic picture. When the lesion responsible 
for the ventricular strain pattern dominating the electrocardiogram is removed, 


Fig. 1.—An electrocardiogram of a typical case of a child with the pattern seen in aberrant origin 
of the left coronary artery from the pulmonary artery (Case 18). Discussed in text. 


the latent strain existent in the other ventricle becomes manifest. This brings 
up the problem of how long the right ventricular hypertension must exist by 
itself before the pattern of right heart strain develops. In this case it was less 
than two years. Ina recent publication, Johnson and associates" in attempting 
to correlate the duration of pulmonary disease and pulmonary hypertension 
with the electrocardiographic findings, could draw no definite conclusions. 

A final point to be considered is that of the correlation between the degree 
of hypertension and the electrocardiographic picture with regard to the amplitude 
of deflections and R/S ratios. Our data indicate that there is no specific correla- 
tion between the degree of hypertension and the amplitudes of the QRS deflec- 
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tions or the R/S ratios, since many of the R/S ratios were infinite not only in 
patients with severe right ventricular hypertension, but also in those with only 
moderate right ventricular hypertension. This experience confirms the diffi- 
culty in diagnosing right heart strain from a single electrocardiogram. 


SUMMARY AND CONCLUSIONS 


1. A correlative study of physiological data, obtained during cardiac 
catheterization in cases of right ventricular hypertension in children with con- 
genital heart disease, and electrocardiographic findings has been presented. 


Fig. 2.—The electrocardiograms before (A) and after (B) ligation of the patent ductus arteriosus 
in Case 17. Discussed in text. 


be 


2. The amplitudes of the R and S waves in Var, V;, Vs, and V¢ were 
measured and the R/S ratios calculated so that they might be used as criteria 
for right heart strain in children. 

3. The criteria for right heart strain as established by previous studies 
have been correct in all instances. 

4. In all instances, when the pattern of right heart strain was present 
in the electrocardiogram, the right ventricular systolic pressure was elevated. 
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5. Right ventricular systolic hypertension may exist without the electro- 
cardiographic pattern of right heart strain. 

6. The pattern of right heart strain may be masked by the patterns of 
left heart strain or aberrant coronary vessel origins. 

7. Right-sided chest leads are essential in electrocardiograms in children. 

8. No correlation was found between the degree of hypertension and 
the QRS amplitudes in right heart strain patterns. 

9. Our experience shows the difficulties in diagnosing right heart strain 
in the electrocardiogram from one record. 


We are indebted to Dr. L. N. Katz, Dr. R. Langendorf, and Dr. A. Pick for their sugges- 
tions and to the catheterization team of the department for their help. 
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SPATIAL VECTORCARDIOGRAPHY: THE NORMAL 
VECTORCARDIOGRAM. VI. 


LEONARD SCHERLIS, M.D., RICHARD P. LAssER, M.D., AND 
ARTHUR GRISHMAN, M.D. 


New York, N. Y. 


T ANY one instant the electromotive forces of the heart may be represented 

by a spatial vector which has magnitude, direction, and sense.'? The 
terminus of this instantaneous vector will describe a loop during the time con- 
sumed by the spread of the wave of accession over the myocardium. In 1920, 
Mann, by joining the heads of the instantaneous vectors of the QRS complexes st 
of the three standard leads, constructed the ‘“‘monocardiogram’’ and later pub- 
lished vector loops recorded with the aid of special apparatus.‘ The employment 
of the cathode ray oscillograph facilitated the recording of the vectorcardiogram, 
and it was first applied only to the frontal plane.° 

However, since the frontal plane is but one projection of the spatial vector 
of the electromotive forces of the heart, a complete study of the electromotive 


forces requires spatial analysis. The Einthoven equilateral triangle was an ade- a 
quate geometrical figure for the frontal plane, but the selection of the solid form a 
for spatial analysis has presented a somewhat greater problem. Some of the S 


reference systems utilized have included a parallelepiped,’ isosceles tetrahedron,’ 
cube,*® and others.*. The methods of presentation of the results have also varied 
from stereoscopic projection!’ to solid wire models*'*:"' and photographs of each 
plane.®:* 

The present publication is one of a series of investigations in which a cube 
form of representation has been utilized. The vectorcardiograms obtained simul- 
taneously in the horizontal, sagittal, and frontal planes by this technique have 
been described in several different pathological entities. The technique of spatial 
vectorcardiography as employed in these studies is of great aid in securing vector- 
cardiographic evidence of infarction not obtainable from the routine scalar electro- ‘ 
cardiograms” and in distinguishing between left ventricular hypertrophy and 
left bundle branch block" and between right ventricular hypertrophy and right 
bundle branch block.'* The results of these studies have reaffirmed the great 
value of spatial vectorcardiography as a means of accurate electrocardiographic 
diagnosis. 

It is the purpose of this report to describe in some detail the normal vector- 
cardiogram, some of the theoretical implications of vectorcardiography, and the 
correlation of spatial vectorcardiograms as obtained by this technique with 
standard, unipolar extremity, multiple unipolar thoracic, and esophageal leads. 


From the Cardiographic Department and the Cardiovascular Research Group of The Mount 
Sinai Hospital, New York. 
Received for publication Jan. 12, 1951. 
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METHOD 


The initial selection of the sixty-two persons included in the present study 
was based upon the record of a normal electrocardiogram including the standard, 
unipolar extremity, and multiple unipolar precordial leads. There was no clinical 
evidence or history of heart disease in any instance. The subjects varied in age 
from 4 months to 75 years, there being eleven persons who were 5 years of age or 
younger, ten who ranged from 6 to 20 years, with the remainder fairly evenly 
distributed in the decades from 30 to 70 years. Two persons were 71 years or 


older. 
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Fig. 1.—Diagram of electrode placement: E represents the point of origin of the electromotive 
forces of the heart. A, B, and C indicate the paired electrodes with the sign indicating the polarity. 
E is at the center of the cube form of representation. The numbers /, 2, 3, and 4 correspond to the 
electrode positions described in the text. The lower three figures illustrate the orientation of the pro- 
jections of the spatial vectorcardiogram utilized in the present study and the connection of the bipolar 
leads to the cathode plates. The arrow points in the direction of positivity for the movement of the 
beam when the plates of the cathode ray oscillograph are connected as indicated. 


Standard, unipolar extremity, three to six unipolar precordial (three in in- 
fants, six in adults), and multiple thoracic leads were recorded in each patient. 
Esophageal electrocardiograms were also recorded at fifteen levels in seven per- 
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sons. The method used in recording multiple esophageal electrocardiograms has 
been given in detail elsewhere." 

The vectorcardiograms of the horizontal, sagittal, and frontal plane projec- 
tions were then simultaneously visualized on a Tribeam Technicon Vectorscope 
and photographed on a single film. The details of the method employed have 
been reported upon previously.* Three pairs of electrodes were utilized so as to 


DERIVATION OF UNIPOLAR LEADS FROM 
VECTOR CARDIOGRAMS 


3 

Fig. 2.—Derivation of unipolar leads from vectorcardiograms: ‘The derivation of V,; from the hori- 
zontal plane loop is illustrated, with each number on the loop corresponding to similar numbers on the 
scalar electrocardiogram. The arrow indicates the direction of inscription of the loop. The solid line 
indicates the axis of the lead, and the interrupted line is perpendicular to the axis. The initial inscription 
toward the electrode at V; corresponds to the initial R wave; while when the inscription is away from 
V; (i.e., on the negative side of the perpendicular interrupted line), an S wave is written. (The large 
loop is the QRS sE loop, the smaller, the T loop.) 


compose three independent, orthogonal, bipolar leads termed as follows: A (hori- 
zontal), B (sagittal), and C (vertical) (Fig. 1). The placement of electrodes was 
as follows (the symbols — or + refer to the respective polarity of the electrode 
as compared with its mate): 


1. A minus, B minus, and C plus: a common electrode, located at about the 
level of the second lumbar vertebra in the right posterior axillary line; 

2. A plus: at the level of the second lumbar vertebra in the left posterior 
axillary line (i.e., at the same level as 1); 
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3. B plus: over the lower rib margin in the right anterior axillary line (i.e., 
at the horizontal level of 1 and 2); 
4. C minus: over the right shoulder posteriorly (i.e., ina vertical line with 1). 


These locations may be considered as representing four of the corners of a 
cube. The polarity of the vectorcardiogram is arranged so that all instantaneous 
vectors are negative at their origin and positive at the terminus. The beam was 
interrupted each 0.0025 second by an electrical tuning fork, and the direction of 
inscription of the beam was noted by several observers. 


HORIZONTAL PROJECTION AND ITS RELATIONSHIP TO CHEST 
LEADS. 


P 


Vae Ve 


Fig. 3.—Horizontal projection: The derivation of V;, Vs, Vs, and V»« from the horizontal plane 
projection is indicated. The approximate electrode positions are as illustrated (LAISL = left mid- 
scapular line at level of Vs: RAJSL = right mid-scapular line at level of V,). 


Wherever “right” or “‘left’’ is used in the description of the orientation of 
the loop, the reference is to the patient’s right or left. The standardization 
employed is the same in each plane. 

The following methods were employed in order to determine the scalar 
electrocardiograms in each plane from the QRS and T loops of the vectorcardio- 


gram. 
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1. Horizontal Plane.—The electrocardiographic pattern obtained in any 
unipolar thoracic lead at E level can be predicted from the horizontal plane QRS 
sE loop. From the electrode position, an axis is drawn through the isoelectric 
point or center E of the loop (Fig. 2). When the projection of the loop upon the 
electrode axis is on the positive side of E (i.e., on the electrode side of a line which 


SAGITTAL PROJECTION AND ITS RELATIONSHIP 
TO ESOPHAGEAL LEADS. 


Ve 


Fig. 4.—Sagittal projection: The approximate positions of multiple esophageal leads are indicatel. 
in relationship to the sagittal loop, with E, at subdiaphragmatic levels and E,; at a supracardiac leved 
E, and Vy are similar in timing and configuration. 


is drawn through E and is perpendicular to the axis of the lead), an R wave is 
written in the scalar electrocardiogram. When the projection of the loop is on 
the negative side of E (i.e., away from the recording electrode), a Q or S wave is 
written. The direction of inscription of the loop determines whether the negativity 
is early (Q wave) or late (S wave). The relative sizes of the negative and positive 
projections will determine the relative amplitudes of the deflections (Fig. 3). 
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The configuration of the P and T wave in the scalar electrocardiogram is 
recorded along the same axis and in a similar way. 


2. Sagittal Plane.—To construct the esophageal lead pattern at any level, 
a line is drawn from the estimated electrode position through the isoelectric 
point E. The pattern of Vr or E, can be calculated along a +90 degree axis as 
shown in Fig. 4. When the initial deflection in the sagittal plane is upward, a 


FRONTAL PROJECTION AND ITS RELATIONSHIP 
TO BIPOLAR STANDARD AND UNIPOLAR 
EXTREMITY LEADS. 


Fig. 5.—Frontal projection: The Bayley triaxial reference system has been utilized. L, represents 
standard lead I, Le standard lead II, and Ls standard lead III. Each lead is derived from the axis indi- 
cated. See text for details. 


Q wave will be inscribed in Vy and E,, while the subsequent inscription downward 
will register an R wave in these leads. If the initial deflection is downward, the 
wave in the scalar electrocardiogram recorded in Vr and E, will be an R wave. 
The pattern of the esophageal leads at successively higher levels can be similarly 
determined for both the QRS and T complexes. 

3. Frontal Plane.—From the QRS sF£ loop in the frontal plane, the bipolar 


leads I, II, and III and the unipolar extremity leads Vr, Vi, and Vr can be 
determined utilizing the usual Einthoven form of representation to which are 
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added the unipolar extremity leads. The triaxial reference system of Bayley! 
was employed since it provides a more convenient method for deriving the scalar 
electrocardiograms from low amplitude vector loops (Fig. 5). The projections of 
the instantaneous axes of the vector loops upon the three sides of the triangle 
determine the timing and direction of the scalar electrocardiograms in Leads 
I, Il, and III. The timing and direction of Vr, Vi, and Vr are calculated by 
considering the axes of these leads as drawn from the apices of the triangle to the 
center E. When the projection of the loop is upon the positive side of the axes 
of these leads (i.e., toward the recording electrode), an R wave is written; when 
on the negative side (i.e., away from the recording electrode), a Q or S wave is 
written. The size of the projection determines the amplitude of the deflection. 


RESULTS 

The normal vectorcardiogram as obtained by the technique employed in the 
present study consists in part of a prominent white center which is the fixed point 
at which the cathode ray beam is photographed during the isoelectric phases of 
the P-R, RS-T, and T-P intervals. The P sE loop is usually not well visualized, 
but when it is, it is recorded as a small loop. This is followed by a more rapidly 
inscribed large loop (QRS sE loop) and this, in turn, by a more slowly inscribed 
smaller loop (T sE loop). The QRS complex is characterized by a slow initial 
invasion, followed by a rapid portion making up the major part of the loop, and a 
slow terminal portion. 

For ease of presentation, the findings in each plane as well as other features 
of the normal spatial vectorcardiogram are described separately. 


A. Horizontal Plane.—The normal QRS sE loop in the horizontal plane was 
characterized in each instance by an initial deflection anteriorly and to the right. 
The remainder of the loop was then inscribed in a counterclockwise direction to 
the left in both adults and children. 

The long axis of the QRS sE loop in the adult was usually within the +30 
to — 30 degree segment, with two-thirds of the cases lying within the —10 to +10 
degree segment. A few of the QRS sE loops were deviated as far anteriorly as 
+35 degrees and a few as far posteriorly as —45 degrees. In two instances, the 
long axis of the loop was parallel with the —90 degree axis, with the entire loop, 
however, located on the left. 

In the horizontal plane QRS sE loops recorded in the children, a much larger 
portion of the QRS sE loop was anterior to the 0 degree axis than in the adults. 
The loop in every instance was inscribed in a counterclockwise direction. How- 
ever, the long axis was as far anterior as +90 degrees and corresponded in one 
instance each with the +60 degree to — 120 degree, +30 degree to —150 degree, 
+20 degree to — 60 degree, and +90 degree to —90 degree axes. In these records, 
the QRS sE loops were on both sides of the center E. 

There was extremely good correlation in timing and polarity as far as the 
multiple unipolar thoracic electrocardiograms recorded and the patterns cal- 
culated from the sE loops according to the method already described. The more 
anterior orientation of the QRS sE loop in the children was accompanied by the 
registration of tall R waves farther to the right than those in adults (Figs. 6A, 
6B, and 7). 
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B. Sagittal Plane.—The normal QRS sF loop in the sagittal plane was char- 
acterized in each instance by an initial deflection anteriorly and occasionally 
upward, with the remainder of the loop being inscribed downward and posteriorly. 
In every sagittal plane vectorcardiogram, the QRS sE loop was inscribed in a 
clockwise direction. 

In the adult, the long axis of the QRS sE loop was usually located within the 
+90 degree to +120 degree segment. There were a few instances in which the 
loop was oriented in the +80 degree to +90 degree segment or was more posterior 
than +120 degrees. Included in the latter group were those records in which the 
QRS sE loop was of a bizarre configuration so that no axis of predilection could be 
specified. One such loop was oriented in the + 150 degree to +180 degree segment 
and another in the +90 degree to —90 degree segment. In nearly every instance 
the size of the QRS loop in the sagittal plane was nearly as large as those in the 
frontal or horizontal plane. However, in one instance, the QRS loop was very 
small. In this case, the QRS sE loop in the frontal plane was in the first sextant 
of Bayley, and in the horizontal plane it was deviated to the left and posteriorly. 


Fig. 6A.—Vectorcardiogram No. 306: Normal vectorcardiogram in a child, 8 months of age. 
Note the anterior orientation of the loop and the increased initial deflection to the right. (// = horizontal 
projection; S = sagittal projection; F = frontal projection.) The arrow indicates the direction of in- 
scription. 


Whereas in adults the initial deflection anteriorly is small and only a few 
loops lie anterior to the +90 degree axis, in children younger than 5 years of age, 
a fairly large portion of the QRS sE loops may be anterior to this axis. In a few 
instances, the long axis of the loop was on the +30 degree to — 150 degree, or the 
0 degree to 180 degree, or +60 degree to —120 degree axis. In every case, the 
loop was inscribed in a clockwise direction. 

Esophageal leads were recorded at each of fifteen levels in five of the adults, 
E, being recorded at subdiaphragmatic levels and E,; at supracardiac levels. The 
electrodes were 1.75 cm. apart. In every instance, Vy and E,; were similar in 
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Fig. 6B.—Electrocardiogram No. 306 (same patient as Fig. 6A): 
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Fig. 7. Vectorcardiograms of four normal children. Vectorcardiogram No. 272: 15 months of age; 
vectorcardiogram No. 295: 15 months; vectorcardiogram No. 329: 3% years; vectorcardiogram No. 356: 
16 months. Note the increased anterior orientation of the loop. See text for details. 
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the esophageal pattern was QR in configuration since much of the loop was in- 
scribed upon the negative side of the axis of the lead. At about Ey» to Ej, the 
esophageal pattern was QS or Qr in configuration since nearly the entire loop was 
inscribed away from the recording electrode. The presence of a large atrial deflec- 
tion at about this level was evidence of the proximity of the electrode to the left 
atrium. At succeeding supracardiac levels, the QRS complex was usually QS 
in configuration since the entire wave of accession was usually in the direction 
away from the electrode. 


C. Frontal Plane.—The QRS sE loops in the frontal plane were inscribed 
downward and to the left. There was often an initial small deviation to the right 
and/or superiorly. In the adult, the major portion of the QRS sE loop was always 
inscribed in the 0 degree to +85 degree segment. In about two-thirds of the 
records, the QRS sE loop was inscribed in a clockwise direction (Figs. 9A, 9B, 
and 10). In all but five of these, the long axis of the QRS loop lay within the 
+35 degree to +70 degree segment with the others at +30 degrees (2) and one 
each at +75 degrees, +80 degrees, and +85 degrees. 

Nine were inscribed in a counterclockwise direction, and in these records 
the long axes of six of the QRS loops were within the +35 degree to 0 degree seg- 
ment (Figs. 114, 11B, and 12). In the other three, the loops were rather bizarre 
in configuration so that no accurate determination of the long axes could be made. 
However, the major portion of the loops in these cases was within the +35 degree 
to —30 degree segment. 

The QRS sE loops of nine other subjects were extremely narrow or “figure 8” 
in configuration and were inscribed in the +15 degree to +75 degree segment 
(Fig. 13). 

In the records obtained in children, most of the loops were inscribed in a 
clockwise direction and were within the +60 degree to +85 degree segment (Figs. 
6A, 6B, and 7). Three QRS sE loops in the +35 degree to +75 degree segment 
were inscribed in a counterclockwise direction. One narrow loop along the 0 
degree axis was inscribed in a counterclockwise direction, and another loop was 
inscribed in a counterclockwise direction along the +90 degree to —90 degree 
axis. 

D. The T sk Loop.—The long axis of the T sE loop was determined in each 
instance in relationship to the long axis of the QRS sE loop. 

In the adult, the T sE loop was usually located anterior, inferior, and to the 
right of the QRS sE loop by 10 to 30 degrees. In three instances, the QRS and 
T loops were along the same axis. In three others, the T loop was posterior to 
the ORS by 70 degrees, 10 degrees, and 15 degrees, respectively. The T loop was 
anterior to the QRS loop by 120 degrees in one record and in others by 80 degrees 
(one record), 60 degrees (two records), 45 degrees (two records), and 40 degrees 
(one record). 

In children, the T loop was inscribed posterior to the QRS sE loop in all but 
three instances by 10 to 40 degrees. Half of the T loops were inscribed to the left 
and the others to the right by +30 degrees to — 30 dezrees. The T loop was infe- 
rior to the QRS loop in every instance. 
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Fig. 8A.—Vectorcardiogram No. 403: Normal vectorcardiogram (age 24 years). 
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Fig. 8B.—Electrocardiogram No, 403 (same patient as 8A): The configuration of these leads can 
be derived from the frontal and horizontal projections (Fig. 8A, H and F). 
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There was extremely good correlation in timing and polarity of the calculated 
T waves and those obtained in multiple unipolar thoracic leads in both adults 
and children. 


E. The RSR’ Pattern.—In six instances in adults, the horizontal and sagittal 
plane QRS sE loops were characterized by a small, late, slow deflection of the loop 
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Fig. 8C.—-Electrocardiogram No. 403 (same patient as SA and 8B): Multiple esophageal leads 
with E; recorded at subdiaphragmatic levels and E,; at supracardiac levels. Note atrial intrinsic deflec- 
tion in E; to E,;.8 The patterns of these leads can be derived from the sagittal projection (Fig. 8A, S). 
Note the similarity of Vr, E;, and C and of A and I (Fig. 8B). 
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Fig. 9A.— Vectorcardiogram No. 195: Clockwise rotation of the QRS sf loop in the frontal plane. 
The P loop is indicated by the smal! loop posterior to the T loop in the sagittal projection and to the 
right of the T loop in the frontal projection. 
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Fig. 9B. Electrocardiogram No. 195 (same patient as Fig. 9A): Note 
the similarity of Vr to C and of A to I. 
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Fig. 10.—Vectorcardiograms of four normal adults with the frontal plane 
QRS sE£ loop inscribed in a clockwise direction. 
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Fig. 11A.—Vectorcardiogram No. 349: Counterclockwise rotation of the QRS sE£ loop in the frontal plane. 
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Fig. 11B.—Electrocardiogram No. 349 (same patient as Fig. 11A). 
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Fig. 12.—Vectorcardiograms of four normal adults with the frontal plane QRS sE loop inscribed 
in a counterclockwise direction, 
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Fig. 13.—Vectorcardiograms of four normal adults with the frontal plane QRS sE loops being 
narrow or ‘‘figure 8"’ in configuration. 
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Fig. 14A.—Vectorcardiogram No. 200: Note the terminal deflection of the QRS sE loop in the 
horizontal projection. 
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Fig. 14B.—Electrocardiogram No. 200 (same patient as Fig. 14A): Note the RSR’ pattern in 
Vrs, Vrs, and 
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Fig. 15.—Vectorcardiograms of four normal adults with an RSR’ pattern recorded over the right 
precordium. Note the terminal deflection of the QRS sE loop in the horizontal projection posteriorly 
and to the right. 
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posteriorly and somewhat to the right. This portion of the loop appeared as almost 
an appendage to the major portion of the loop. In three of these records, the termi- 
nal portions later continued somewhat anteriorly. In the latter group, the scalar 
electrocardiograms in V,; and/or Va3 were RSR’ in configuration. In the remain- 
ing three patients, some lead on the right side of the precordium was RSR’ in 
configuration (Figs. 144, 14B, and 15). 


Fig. 17.—Vectorcardiogram No. 292: The upper record was taken at normal respiration and the 
lower at deep inspiration. Note the marked anterior displacement of the T loop in the lower record. 
The P loop can be clearly seen in the frontal and sagittal projections of the lower record. 


F. Respiration.—Vectorcardiograms were recorded during normal respira- 
tion, deep inspiration, and deep expiration in several of the patients included in 
the present report. In the horizontal plane, the QRS sE loop tended to shift 
somewhat anteriorly with inspiration and posteriorly with expiration. In the 
sagittal and frontal planes, there was a tendency for the QRS sE loop to assume 
a more vertical position with deep inspiration and a somewhat more horizontal 
position with deep expiration. The configuration of the loop rarely underwent 
significant alteration during the extremes of respiration (Fig. 16). In some 
instances, narrow loops became wider or ‘“‘figure 8” in configuration in one or 
another of the projections. The T and QRS loops shifted in the same direction 
in all but one instance (Fig. 17). 

DISCUSSION 


The activation of an individual cell is accompanied by the production of 
electromotive forces'® which can be represented by a vector depicting the spatial 
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orientation and magnitude of this force. During the spread of the wave of acces- 
sion over the diverse areas of the myocardium, innumerable electromotive forces 
are generated. These multiple electromotive forces vary in magnitude and differ 
in direction. At any one instant, the resultant of these electromotive forces can 
be represented by a spatial vector which has magnitude, direction, and sense.'? 
The vector loops as recorded by the cathode ray oscillograph represent the ad- 
vancement of the terminus of an instantaneous vector during the time consumed 
by the spread of the wave of accession. The study of the spatial representation of 
this loop can be carried out by means of wire models,*:!":"! stereoscopic projection,'” 
and by the projection of the loop on to each of three planes.*:* The final selection 
of the most suitable technique for spatial representation will depend upon the 
accuracy of the technique, its ease of registration, and the applicability of the 
results. 

In the present study, the representations of the spatial loop were simul- 
taneously recorded as projected onto the horizontal, sagittal, and frontal planes. 
The projection of the same spatial loop is recorded in each plane, much as one 
might view the shadow of a wire loop through three sides of a transparent cube. 
The actual position in space occupied by a portion of the vector loop can be deter- 
mined by reference to any two planes. An anterior or posterior deflection will be 
visible in the sagittal and horizontal planes, a deflection to either side, in the 
frontal and horizontal planes, and a deflection inferiorly or superiorly, in the 
sagittal or frontal planes. Small deflections which may not be visible in any single 
plane because of overlapping deflections may be visible in another. 

The relative speed with which the deflections are inscribed can be seen by 
comparing the distances between the interrupted segments of the vector loops. 
A slow inscription is thus evidenced by the close proximity of these segments. The 
absolute speed can be measured by counting the segments since the beam is 
interrupted every 0.0025 second. It is important to analyze each loop for evi- 
dence of such delayed inscription since a tangential projection of a normally 
inscribed loop may present the appearance of a fairly solid line. Evidence of 
delay, to be considered significant, should be present in all three projections. 

The direction of inscription of the QRS sE loop must be noted in each plane 
since an analysis of the sequence of the spread of the wave of accession is of vital 
importance. The normal direction of rotation in the horizontal plane is counter- 
clockwise, in the sagittal clockwise, and in the frontal clockwise or counterclock- 
wise, according to the position of the loop. Any appreciable deviation in the 
direction in which the loop is inscribed is attended by alteration in the scalar 
electrocardiographic patterns and may indicate a conduction defect," infarction,” 
or ventricular hypertrophy." The details of these deviations have been pub- 


lished elsewhere. 

The representation of the entire normal vectorcardiogram as secured in the 
present study consists of a white center with a rapidly inscribed large loop (QRS 
sE loop), and a much more slowly inscribed, smaller loop (T sE loop). The white 
center represents the isoelectric line of the normal electrocardiogram, i.e., the 
fixed point at which the cathode ray beam is photographed during the P-R, RS-T, 
and T-P intervals. The spread of the wave of accession over the atria is recorded 


ban 


258 AMERICAN HEART JOURNAL 


as a small loop (P sE loop) which is usually not well visualized with the standardi- 
zation employed in the routine recording of vectorcardiograms. The spread of 
the wave of accession over the ventricles is recorded as the large QRS sE loop with 
the beam then returning to the center of the screen before the T sE loop is in- 
scribed. Each loop is therefore normally recorded as a closed loop. Failure of 
the beam to return to the center will be recorded as an open loop. This occurs 
when the RS-T vector is not zero but has either a positive or negative sense. — In 
the electrocardiogram this is seen as a deviation of the RS-T segment. 

The purpose of electrocardiography is to record as accurate and as complete 
a picture of the electrical activity of the heart as possible with the final aim of 
arriving at a precise diagnosis. It is for this reason that multiple leads are util- 
ized, including standard, unipolar extremity, multiple precordial, multiple esopha- 
geal, intracardiac, intrabronchial, and direct cardiac leads. Some of these tech- 
niques are cumbersome, of limited value, and not without danger to the patient. 
However, by means of spatial vectorcardiography as recorded in the present study, 
one can quickly and routinely secure a very complete electrical representation of 
the heart with which one can correlate many of the routine and specialized leads 
and which may even obviate the necessity for their use. 

As has been stated before, the vector loop represents the resultant electro- 
motive forces of the heart, and it is this and this alone which is recorded. Al- 
though the time sequence of activation may be related to specific anatomical 
entities, it is only the resultant electrical forces which can be recorded by the 
usual devices regardless of the anatomical area activated. If several areas are 
activated simultaneously, it is the resultant electromotive force which is recorded. 
It may or may not correspond spatially to any particular activated area. 

For example, the first deflection of the QRS sE loop in the horizontal plane 
is normally directed anteriorly and somewhat to the right, after which the loop is 
inscribed in a counterclockwise direction to the left. The initial deflection may be 
attributed to the spread of the wave of accession from left to right through the 
septum. However, the return of the loop to the left may occur while the free 
wall of the right ventricle is still being activated. All that one can probably state 
is that the components of the total electromotive forces contributed by the left 
side are now greater than those contributed by the right side so that the resultant 
instantaneous vector is now directed to the left. Loss of the electromotive forces 
contributed by any area, as in infarction where an electrically inert area is pres- 
ent,' will result in the augmentation of the electromotive forces arising from the 
diametrically opposite area due to unopposed potentials from the latter portion 
of the myocardium. The vector loop will thus be displaced away from the in- 
farcted area.'?-” 

The usual scalar forms of electrocardiography may thus be considered as 
recording the representation at any point of the entire spatial loop.© The great 
value of unipolar leads" lies in their ability to record a comparatively true picture 
of the total resultant electromotive forces as they are represented at any one point. 
The use of multiple leads enables one more completely to locate an abnormal 
vectorial force. When the instantaneous vector points away from the unipolar 
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electrode, a negative deflection is inscribed. When it points to the electrode, a 
positive deflection is inscribed. This, of course, holds true regardless of where the 
electrode is located. 

By inspection of the vectorcardiogram in various planes, it is possible to 
predict many of the findings recorded in routine electrocardiograms. For ex- 
ample, the QRS complex will be split or notched in those leads in which the loop 
is initially inscribed toward the recording electrode, then away, and then once 
again toward the electrode. This was clearly demonstrated in the analysis of the 
RSR’ pattern.'* The QRS complex will be slurred or widened in those leads in 
which the loop is inscribed toward the electrode for a longer time duration than 
normal. This was shown in the analysis of right and left bundle branch block. 
Slurring may appear in normal records when the loop is inscribed perpendicularly 
to the electrodes for a prolonged period of time. 

Since the T wave is usually upright in those leads in which the QRS complex 
is upright and inverted in those leads in which the QRS complex is inverted, one 
may predict by simple inspection of the vectorcardiogram whether gross T-wave 
abnormalities are present. If both the T sE loop and the QRS sE loop are simi- 
larly oriented, one may predict similar directions of the T wave and QRS com- 
plex in the routine electrocardiograms regardless of the electrode position. 

The relationship of the long axis of the T sE loop to that of the QRS sE loop 
was determined in the present study. The T sE loop in the adult was usually 
anterior, inferior, and to the right of the QRS sE loop by 10 to 30 degrees. In 
children, the T sE loop was usually posterior by 10 to 40 degrees and to the right 
or left of the QRS sE loop. There was thus a fairly narrow range in which the 
T sE loops were oriented in relation to the QRS sE loops. Both must have 
approximately the same spatial orientation if upright T’ waves are to be recorded 
in the same scalar electrocardiograms as essentially upright QRS complexes. 

As stated before, a closed QRS sE loop indicates that the RS-T segment is 
isoelectric while an open loop indicates deviation of the RS-T segment. All of 
the QRS sE loops in the present study were closed loops. A complete analysis 
of the RS-T segment and T loop is under preparation.'’ 

During respiration, very little significant alteration in position or configura- 
tion of the QRS sE loops occurred in the horizontal plane. 

There was a tendency for the QRS sE loop to assume a more vertical position 
with deep inspiration and a somewhat more horizontal position with deep expira- 
tion in the sagittal and frontal planes. Whatever alterations were obtained were 
minimal and appeared to be due to an alteration in the projection of the QRS sE 
loop rather than an alteration in the configuration of the QRS sE loop iself. The 
QRS and T sE loops shifted in the same direction during respiration in all but one 
instance (Fig. 17). In the latter case, the T sE loop moved in the opposite direc- 
tion as compared to the QRS sE loop. No adequate explanation of this deviation 
can be offered at this time. In another analysis of the spatial vectorcardiogram 
by stereoscopic projection using different electrode placements, the QRS and 
T sE loops moved in the same direction during respiration in every instance.?° 

Since negative deflections of the QRS or T waves are to be expected when 
the recording electrode lies on the negative side of the projection of the integral 
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vector of the QRS or T loops, the difficulty in the interpretation of Q waves or 
T-wave changes in nonstandard electrode positions is readily apparent. Some 
caution must, therefore, be exercised in the interpretation of Q waves and T-wave 
alterations recorded at those levels where the electrodes are at higher positions 
than normal, as at high precordial levels, or where the electrodes are located in 
unusual positions, as in esophageal or intrabronchial leads. Any electrode on the 
negative side of E will record a negative deflection of the T wave or QRS complex. 

From the frontal plane vectorcardiogram, one can determine the essential 
configuration of standard leads I, Il, and III and of the unipolar extremity leads 
Vr, Vi, and Vr"! as shown in Fig. 5. That perfect correlation is not obtained can 
be ascribed to several factors including all of the limitations of the Einthoven 
triangle. The distances from the center of the electromotive forces (E) to the 
three extremities are unequal with the result that the left arm potentials have a 
predominant influence on the electrocardiogram. Such an influence is minimized 
with the present technique of vectorcardiography since all of the electrode posi- 
tions are as equidistant from E as possible.* The plane of the Einthoven triangle 
is not an absolute frontal plane but a distorted oblique one.” As a result of these 
factors, the loop derived by the cube form of representation cannot be expected 
to correlate perfectly with the standard and extremity leads as derived from the 
Einthoven representation. Nevertheless, extremely good correlation is found, 
as may be seen from the illustrations in this and other published studies employing 
the present technique. 

The horizontal component of the frontal plane in the Einthoven triangle is 
the bipolar lead I, while the vertical component may be considered as Vp.° The 
former corresponds to the bipolar lead A in the present study and the latter to the 
bipolar lead C. The pattern of Vr resembled Lead C with great consistency, 
while Lead I usually differed but little from the horizontal component A. Since 
the vertical component of the frontal plane of the cube system is a bipolar lead 
recorded on the right side posteriorly of the thorax while Lead Vr is recorded 
from the left leg, one must reconsider what makes up the pattern of Vr. Ver, 
rather than representing the potentials of the diaphragmatic surface of the heart, 
more likely records the vertical component of the electromotive forces of the 
heart. To state it somewhat differently, it is not the record of the localized area 
of the myocardium resting upon the diaphragm, but rather of the total resultant 
vertical component of the electromotive forces of the heart regardless of the points 
of origin of these electromotive forces. It is otherwise difficult to explain the 
excellent correlation of Lead C to Vr. 

From the sagittal plane vectorcardiogram, one can derive the esophageal 
leads and Lead Vr as shown in Fig. 4. Multiple esophageal leads may be con- 
sidered as tapping the integral vectorial forces as projected to the sagittal plane, 

The excellent correlation of the patterns recorded in lower esophageal leads 
to Lead Vr has been reported upon earlier.”* This is to be expected since they all 
reflect the vertical component of the total resultant electromotive forces of the 
heart. An initial Q wave in Vp may be correlated with the initial deflection of 
the vector loop superiorly, while an R wave is recorded when the vector loop is 
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inscribed inferiorly. The recording of the Qr or QS deflections at left atrial levels 
(evidenced by a prominent atrial deflection) can be ascribed to the fact that the 
QRS sE loop is oriented essentially downward so that the deflections at left atrial 
level are essentially negative. The Qr and QS patterns at left atrial level reflect 
essentially the same pattern recorded in the left ventricular cavity.” In both 
instances, the recording electrodes are so oriented that they face the negative side 
of the dipole throughout most of accession and record the negative projection of 
the instantaneous vector. It may be preferable to replace the concept of cavity 
leads as applied to esophageal leads at certain levels with the concept of leads 
tapping the negative side of the dipole without necessarily implying close ana- 
tomical relationship. 


At higher or supracardiac levels, the ventricular and auricular complexes 
are usually entirely negative in configuration® since the instantaneous vectors 
point away from the recording electrodes throughout the cardiac cycle. Loss of 
electromotive forces from the inferior or diaphragmatic aspect of the heart as in 
infarction alters the orientation of the QRS sE loop since electromotive forces 
generated in a superior direction are augmented due to the electrically inert 
infarcted area. Hence, the QRS sE loop may be directed superiorly in such 
instances with positive deflections recorded at supracardiac levels." 


From the horizontal plane loop, one may determine the multiple unipolar 
thoracic leads*! as shown in Fig. 3. As stated before, the unipolar lead is valuable 
since it records the representation at one point of the total resultant electromotive 
forces of the heart. Since the initial inscription of the loop is usually to the right 
and anteriorly, an R wave is recorded in V, (positive side of the instantaneous 
vector) and a Q wave in V,¢ (negative side of the instantaneous vector). As the 
loop is then inscribed to the left, an S wave is recorded in V; and an R wave in V ¢. 
The configuration of any of the intermediate leads as of any of the thoracic leads 
at E level, front, back, or lateral, can be determined in a similar way since unipolar 
chest leads may be considered as recording the scalar projections of the vector 
along a line drawn from the area of exploration through the assumed minute source 
of the electromotive field, or E. The mirror image configuration of scalar electro- 
cardiograms recorded by unipolar electrodes situated on the thorax on opposite 
sides of E is readily explainable upon this basis. The lower amplitude of the 
scalar electrocardiograms recorded over the back can be ascribed to the increased 
distance of these leads from E as compared, for example, to left precordial leads, 
and also to differences in tissue resistance. 

There were six instances in the present series in which there was a small, late, 
slow deflection of the loop posteriorly and to the right. This portion of the loop 
appeared as almost an appendage to the major part of the loop. In all of these 
cases, an RSR’ pattern was recorded somewhere over the right side of the pre- 
cordium. In three of these patients, the terminal portion later continued some- 
what anteriorly. These six records were in sharp contrast to the others in the 
series and represent what may well be a homogeneous group with terminal slow 
invasion by the wave of accession. It is conceivable that they represent minimal 
conduction defects of some localized portion of the heart. 
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The usual spatial position of the QRS sE loop probably indicates that the 
bulk of the electromotive forces is normally directed to the left, inferiorly, and 
somewhat posteriorly in an adult. Any deviation from this position may indicate 
infarction, hypertrophy, conduction delay, or marked alteration in cardiac posi- 
tion. In children, the QRS sE loop is inscribed more anteriorly and vertically 
than in adults. The more anterior position is accompanied by the inscription of 
an R wave taller than that in adults over the right side of the precordium.”* 
The tendency for the QRS sE loop to assume a more posterior position with a con- 
current shift to the left in older persons has been noted by others.*° 

It is apparent that the amplitude of the R wave in V, is not readily suscepti- 
ble to such analyses as to which part of the deflection is ascribable to the septum 
or free wall of the right ventricle since one only records the resultant electro- 
motive forces and cannot record local contributions of electromotive forces. 

Extremely good correlation of polarity and timing is usually found as far as 
the thoracic leads and the horizontal plane QRS sE loop are concerned. Whatever 
differences are found are those of magnitude, or of recording a pattern in one 
thoracic lead which might be expected in an adjacent lead on the basis of predic- 
tion from the QRS sE loop. Such differences may be attributed to the fact that 
Leads V; to V, are not recorded in the same horizontal plane. The amplitude 
of the deflection will also depend upon the proximity of the recording electrode to 
the source of the potential. However, such differences are those of amplitude 
rather than of direction or of timing. Specific patterns, such as the RSR’ pat- 
tern over the right precordium,'*’ and variously located infarctions are readily 
analyzable by the present technique with extremely good correlation. 

Although the configuration of the scalar electrocardiogram can be accurately 
derived from the QRS sE loop in the horizontal plane, the opposite does not hold. 
It is possible to construct more than one vector loop from the same multiple 
precordial leads, with the loops themselves representing completely different 
pathological and clinical entities. The difficulties in the interpretation of the 
RSR’ pattern recorded over the right side of the chest were in part due to the 
failure to recognize this fact. In both right ventricular hypertrophy and incom- 
plete right bundle branch block, similar scalar electrocardiograms may be ob- 
tained, and yet these entities have vastly different spatial vectorcardiograms.'* 
In right ventricular hypertrophy, the loop has an anterior return in the horizontal 
plane and is inscribed in a clockwise direction without any evidence of conduction 
delay." In incomplete right bundle branch block, the loop is often inscribed in a 
counterclockwise direction, with the terminal portion being anterior, to the right, 
and inscribed very slowly, as in typical conduction delay.'* While the scalar 
electrocardiograms are similar, the QRS sE loops are different. 

In several instances of myocardial infarction, the QRS sE loops as inscribed 
in the horizontal plane differed considerably in configuration, while the scalar 
electrocardiograms were quite similar.” In left ventricular hypertrophy and left 
bundle branch block," the QRS sE loops differ both in direction of inscription 
and in evidence of conduction delay, although the scalar electrocardiograms are 
again often similar. The attempt to construct accurately the configuration of the 
horizontal plane spatial vectorcardiogram from thoracic leads** is certainly sub- 
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ject to severe limitations. Little if any additional evidence can be obtained from 
such a method as compared to that obtained from precordial leads alone from 
which the ‘‘calculated” loop is derived. Important evidence of conduction delay 
or change in direction of inscription of the loop is not available from such an 
analysis, although readily available by the method employed in the present study. 

The employment of a single transitional complex as a means of determining 
the anterior or posterior orientation of the QRS sE loop is also of limited value 
because of the comparatively large area in which such a complex may be recorded, 
the difficulty in the selection of the appropriate anatomical location of E, the 
identification of a transitional complex in such pathological states as conduction 
delay and infarction, and the variability of electrode placement. 

In any one lead, as in the precordials, there will be a certain duration of time 
during which the instantaneous vectors will point toward the recording electrode 
and another interval during which the instantaneous vector will point away from 
the electrode. The former is manifested by the recording of an upward deflection 
or R wave; the latter, by the recording of a downward deflection which may 
become an S wave if the instantaneous vector points away from the electrode. 
The peak of the R wave is written during that fraction of time when the instan- 
taneous vector points most directly toward the electrode. Whether this point, 
i.e., the onset of the intrinsic deflection, or any interval shortly before or after can 
be said to represent the time of activation of the area immediately under the 
electrode in indirect leads is subject to some question. One can state that the 
resultant electromotive forces are directed toward the recording electrode at that 
instant, but such an instantaneous vector need not have any anatomical basis 
since it is the resultant of all the electromotive forces generated by the spread of 
the wave of accession over the heart. The area under the electrode may even be 
electrically inert at that instant, but the resultant of the active areas may give 
a positive deflection at that one point. 

Since it is the resultant electromotive force which is recorded by an elec- 
trode and not the electromotive forces arising from that area immediately under 
the electrode, there is doubt if appreciable information is to be gained by record- 
ing leads directly from the heart, whether from the surface or cavity. Leads 
recorded over the right ventricle do not owe their origin to the right ventricle 
alone, nor do leads recorded over the left ventricle owe their origin to the left 
ventricle alone. Prominent R waves in V,; may be due to the loss of potentials 
usually directed in the opposite direction rather than to hypertrophy of the right 
ventricle. Prominent R waves are thus recorded over the right precordium in 
infarction of the posterolateral wall of the left ventricle. 

An application of this concept to the determination of cardiac position is 
also apparent. The pattern of qR is no more specific for the left ventricle than 
that of rS is for the right ventricle. The former pattern may be found in Vx in 
right ventricular hypertrophy or in infarction of the diaphragmatic surface or 
may be recorded in V, in posterolateral infarction.” *’ In pathological states, 
especially infarction, it is extremely dubious that one may accurately predict 
cardiac position since the resultant electromotive force is completely reoriented. 
Pathological studies utilizing such standards must therefore be re-evaluated. 
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If the position of an intracardiac electrode is known in relationship to E, 
it should be possible to predict the form of any intracardiac electrocardiogram. 
In a few instances, other investigators have shown such a correlation to exist.?* 
This would indicate that there is no fundamental difference between intracardiac 
and remote electrocardiographic patterns. 

Thus, it may be possible to analyze all semidirect or distant leads regardless 
of location, because they represent only different projections of the same spatial 
vectorcardiogram, rather than unrelated, localized potentials. Such leads should 
be considered as recording the representation at any one point of the resultant 
of all electromotive forces. The relationship of direct cardiac leads to the spatial 
vectorcardiogram is not quite clear since the degree of distortion attributable to 
proximity has not been adequately evaluated.” 


SUMMARY 


1. Vectorcardiograms have been recorded and photographed simultaneously 
in the horizontal, sagittal, and frontal planes in sixty-two normal children and 
adults. 

2. The horizontal plane QRS loop in normal adults is characterized by an 
initial deflection anteriorly to the right and is then inscribed in a counterclock- 
wise direction to the left and posteriorly. 

3. The sagittal plane QRS loop in normal adults is characterized by an 
initial deflection anteriorly, usually superiorly, and is then inscribed in a clockwise 
direction inferiorly and posteriorly. 

4. The frontal plane QRS loop may be inscribed in a clockwise or counter- 
clockwise direction depending upon the axis of the QRS loop. 

5. The vectorcardiograms of children are usually oriented more anteriorly, 
inferiorly, and to the right than those of adults. 

6. Multiple thoracic unipolar leads can be derived from the horizontal 
plane QRS loop, esophageal leads from the sagittal, and standard extremity and 
unipolar leads from the frontal. 

7. The alterations of the QRS and T loops with respiration are described. 
“ge 8. The clinical advantages and theoretical implications of spatial vector- 
cardiography are discussed. 
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THE EFFECT OF CERTAIN HORMONES AND MISCELLANEOUS 
COMPOUNDS ON SERUM DISEASE IN THE RABBIT 


Wa. M. Govier, M.D., AND E. S. FEENSTRA, D.V.M., Pu.D.* 


KALAMAZOO, MICH. 


HE finding of Rich and Gregory! that experimental vascular and cardiac 

lesions may be produced in the rabbit by repeated injections of horse serum 
has suggested to several groups of workers that this condition may be similar to 
rheumatic carditis and periarteritis nodosa in the human being. If this similarity is 
established, the rabbit disease could be considered a potentially valuable tool 
in the further elucidation of the human disease and in the search for effective 
therapeutic agents. 

Salicylates have been found of value in prevention of lesions of this disease 
by one group,? of partial value by another,* and to have no effect by a third 
group.*. Antihistaminics showed equal variability. Diphenhydramine hydro- 
chloride was reported partially effective by two laboratories** and ineffective 
by two.®:? Pyranisamine was reported ineffective’ and thonzylamine partially 
efficacious’ or ACTH produced a significant decrease in incidence.*:'" 
Dammin and Bukantz’ have reported the nitrogen mustard “HN,” (methyl- 
bis [8-chloroethyljamine) to be efficient in the prevention of antibody formation 
and vascular lesions. 

The present communication describes our experience in attempted therapy 
of serum vascular disease of rabbits with the nitrogen mustard ‘“HN,"’, certain 
hormones, and miscellaneous substances believed to be concerned in allergic 
phenomena and cell-wall integrity. 

METHODS 


Young rabbits of several breeds (Dutch, Chinchilla, White Flemish) were 
used, an attempt being made to distribute the breeds as uniformly as possible. 
Various techniques of producing lesions have been reported, ranging from a single 
massive dose of horse serum intravenously to repeated small injections. 

In these groups the animals were sensitized on the third day by means of 
20 ml. per kilogram of horse serum intravenously. Drugs were begun on the first 
day. Desensitization was done by subcutaneous injection of 2 ml. of horse serum 
on the fifteenth day, and the animals were shocked on the sixteenth day with 
20 ml. per kilogram of horse serum intravenously. They were sacrificed on the 
twenty-sixth day, at which time sections of myocardium, aortic and mitral 
valves, and kidney were taken. 
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Each group contained six uninjected rabbits as normal controls and six 
rabbits sensitized and untreated with drugs as sensitized controls. Each com- 
pound was administered subcutaneously to six sensitized rabbits. 

A convenient basis for comparison of lesion incidence was evolved, using a 
so-called ‘‘lesion index.’’ Sections of tissue were first classified and given numbers 
from one to four on the following basis: 

1. One to five lesions in a section (the lesions consisting of foci of 
lymphocytes, macrophages, fibrinoid degeneration, proliferation of 
vascular endothelium, myocardial degeneration) 

2. Six to ten lesions per slide 

3. Eleven or more lesions 

4. Far advanced or generalized lesions. 


For convenience, lesions in the heart associated with blood vessels were 
tabulated separately from those in the myocardium. Lesions of the kidney 
associated with blood vessels including the renal corpuscle were tabulated sepa- 
rately from those located intertubularly. The figures pertaining to lesions of 
any given site in all of the animals of a group were totaled and averaged, and 
these resulting group averages were totaled, resulting in a “group lesion index.” 


TABLE I. ReEpuCcTION OF CONTROL LESION INDEX 


DOSE 
(MG. /KG. /DAY) 


A. Compounds producing reduction of from 75 to 100% 


ACTH (two trials) (92.2%) (80.8%) 1.0 
17-OH-corticosterone (82.2%) 1.0 
B. Compounds producing reduction of from £0 to 75% 
Adrenal cortical extract (74.5%) 10.0 ml. 
Penicillin G (68.8%) 200.0 
Thiamine triphosphate (51.2%) 10.0 
Testosterone (51.0%) 2.0 
C. Compounds producing reduction of from 25 to 50% 
Adenosine triphosphate (45.3%) 10.0 
Procaine (by mouth) (40.0%) 200.0 
Sodium allyl mercaptoacetate (31.5%) 200.0 
Atropine (28.0%) 100.0 
5-pregnenolone (26.4%) 2.0 
Acetylsalicylic acid (26.0%) 200.0 
Sodium pantothenate (25.2%) 40.0 
p-formy] acetanilide thiosemicarbazone, “TB,” orally (25.0%) | 25.0 
ID). Compounds producing reduction of from 0 to 25% 
Potassium iodide (23.5%) 25.0 
Folic acid (20.7%) 100.0 
Penicillin O (18.2%) (12.9%) 200.0 
Tripelennamine (16.1%) 5.0 
Methyl-dis ( 8-chloroethyl) amine, “HN,” (12.3%) 0.2 
Coenzyme A (6.0%) 6000.0 u. 
8-(ortho-met hoxypheny] )-isopropyl-methylamine, ‘‘Orthoxine” 
(0%) 20.0 
Hesperidin methyl chalcone (0%) 20.0 


In order to determine the efficacy of various treatments, we have calculated 
efficiency in terms of percentage of reduction of the lesion index of the sensitized 
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controls. These percentages are recorded in Table I. The compounds were then 
classified into four groups; namely, those producing 0 to 25 per cent, 25 to 50 
per cent, 50 to 75 per cent, and 75 to 100 per cent reduction in the sensitized 
control lesion index. Group D (0 to 25 per cent) may be considered of no thera- 
peutic value, Group C of possible interest for re-evaluation or evaluation of 
derivatives thereof, and Groups B and A of definite therapeutic potency. Testos- 
terone and adrenal cortical extract are borderline. Perhaps testosterone should 
be in Group C and adrenal cortical extract in Group A. 


DISCUSSION 


It will be seen that although not so classified in the table, the compounds 
tried may be divided pharmacologically into four groups, to wit: 
1. HN, 
2. Adrenal hormones, other steroids, and ACTH 
3. Anticholinergic and antihistaminic compounds 
4. Miscellaneous compounds suspected of having antiallergic proper- 
ties or of affecting cell membrane permeability. 


Contrary to the results of Dammin and Bukantz,’ we did not observe a 
preventive effect under the conditions of our experiment with HN,. The com- 
pound was markedly irritative on subcutaneous or intramuscular injection. 

In Group 2, 17-OH-corticosterone, adrenal cortical extract, and ACTH were 
most effective in the prevention of lesions, although testosterone was moderately 
effective. Berthrong and associates* and Clampit'® have reported similar effects 
with ACTH, but the latter obtained no results with testosterone. In our hands 
5-pregnenolone was not beneficial. 

In discussing Group 3, it is worthy of note that Danielopolu" has advanced 
the hypothesis that the inciting cause in allergies is not histamine but acetylcho- 
line. This falls in line with the work of Greig and Holland,” who have shown 
cell-wall permeability to be controlled by integrity of the acetylcholine-cholines- 
terase system. On this basis, since tripelennamine has weak anticholinergic 
properties, we were not surprised that it proved ineffective in preventing lesions. 
This concept may also explain the variable but sometimes positive effects of 
diphenhydramine hydrochloride mentioned in the literature, since this compound 
has appreciable anticholinergic activity. 

Thus acetylcholine blocking agents should be effective here. Atropine, 
however, in very large doses is not very effective. The ability of the rabbit to 
detoxify atropine is well known, and the poor protection afforded by this com- 
pound may perhaps be so explained. The beneficial effect of thiamine triphos- 
phate, also an anticholinergic, will be discussed later. 

Of the compounds in Group 4, folic acid, ‘Orthoxine,”’ hesperidin methyl! 
chalcone, penicillin O, and oral procaine, all variously considered to have anti- 
allergic effects or beneficial effects in cell permeability, were ineffective except for 
oral procaine which was poorly effective. Sodium allyl mercaptoacetate, the 
precursor of penicillin O in biosynthesis thereof, did not prevent lesions, whereas 
surprisingly, penicillin G, used as a control for penicillin O, seemed quite effective, 
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reducing the lesion index by 69 per cent, although the dose employed was very 
large. Since adrenal cortical steroids are active and in view of the work of Morgan 
and Simms" and others showing that panthothenic acid is necessary for adrenal 
integrity, sodium pantothenate and coenzyme A were tried, neither with favorable 
results. Coenzyme A was prepared in these laboratories from fermentation 
sources and used as a 66 u. per milligram concentrate." 

Acetylsalicylic acid, potassium iodide, and “TB,” p-formyl acetanilide 
thiosemicarbazone were ineffective in our hands. 

Adenosine triphosphate (ATP, used as Na,;ATP-3H.O) has been reported 
beneficial in rheumatoid arthritis by Lévgren. In the rabbit disease it seems 
only moderately effective, whereas thiamine triphosphate, previously reported 
by Plotka and co-workers" to have remarkable cardiac effects including anti- 
cholinergic action, was quite beneficial, producing a reduction in lesions of 51 


per cent. 
CONCLUSIONS 


1. Serum vascular disease was produced in seven groups of rabbits totaling 
229 animals. 

2. Of the compounds tested in an effort to prevent the disease, those found 
effective were 17-OH-corticosterone, adrenal cortical extract, and ACTH. 
Testosterone, thiamine triphosphate, and penicillin G (the latter in high dosage) 
were moderately effective. The nitrogen mustard HN, was not found beneficial. 
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THE EFFECT OF RUTIN IN EXPERIMENTAL MALIGNANT 
HYPERTENSION 


H. K. HELLERSTEIN, M.D., J. L. Orsison, M.D., S. RopBarpb, M.D., 
M. WILBuRNE, M.D.,* ano L. N. Katz, M.D. 


CHICAGO, ILL. 


UTIN (a rhamnoglucoside of 3,5,7,3',4' pentahydroxy flavone) and other 

related compounds have been reported as being of value in the prevention 
of hemorrhagic phenomena, particularly in the hypertensive patient.'** Since 
hemorrhages are a prominent feature of experimental malignant hypertension 
in the dog,® this study was undertaken to evaluate the effect of rutin in the 
prevention of these hemorrhages. 


METHODS 


Seventeen dogs (13 male, 4 female) averaging 12 kg. (range 8 to 16) were 
used. The animals were not fed for 24 hours before operation. Under intra- 
venous Nembutal anesthesia (25 mg. per kilogram) both renal arteries were 
exposed and constricted by tying silk thread tightly about the arteries and the 
tip of a straight sewing needle 0.5 mm. in diameter. Upon removal of the needle 
the maximum diameter of the lumen was considered to be 0.5 mm. Following 
the surgical procedure, the dogs were allowed free access to water and food. 
One dog died in shock 8 hours after the procedure and was excluded from the 
series. 

The 16 surviving dogs were divided into 4 groups: 

Group A, the control group, was composed of 5 dogs and received no rutin. 

Group B was composed of 2 dogs. Each received 200 mg. of rutin daily 
following operation. 

Group C was composed of 4 dogs. Each received 200 mg. of rutin daily for 
3 days before operation, and this was continued after the operative procedure. 

Group D was composed of 5 dogs. Each received 200 mg. of rutin daily for 
10 days before operation and throughout the postoperative Period. 

Rutint was prepared daily and stored in the refrigerator. , The rutin was pre- 
pared as a 1 percent solution in 0.1 N sodium hydroxide. This solution was given 
subcutaneously 3 times a day in — doses to make a total of 20 c.c. or 200 mg. 
of rutin per day. One-half c.c. of 4 per cent procaine was mixed in the same 
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TABLE I. SUMMARY OF 
DOG NO. GASTROINTESTINAL TRACT | HEART | GENITOURINARY TRACT 
| 
| | 
Group A 
66 +++ hemorrhage; diffuse | ++ hemorrhage | Diffuse necrosis, except cortico- 
severe hyperemia medullary junction; bladder: 
+++ hemorrhage 
76 | +++ hemorrhage; fibrinoid | +++ hemorrhage; extensive Diffuse necrosis, except cortico- 
| arteriolitis myocardial necrosis; acute medullary junction; bladder: 
myocarditis +++ hemorrhage 
| | 
75 +++ hemorrhage; diffuse | +++ hemorrhage; myocardial | Diffuse necrosis, except cortico- 
severe hyperemia | necrosis; focal intimal medullary junction; bladder: 
| hemorrhage of inferior vena +++ hemorrhage 
cava | 
101 Diffuse severe hyperemia; | +++ hemorrhage; extensive _ Diffuse necrosis throughout cortex 
fibrinoid arteriolitis myocardial necrosis; fibri- {| and medulla; tubular calcifica- 
noid arteriolitis; acute | tion; severe nephrosis; perirenal 
myocarditis abscess; bladder: slight 
hyperemia 
54 +++ hemorrhage; severe +++ hemorrhage Diffuse infarction; no microscopic 
hyperemia sections; bladder: marked 
edema 
Group B 
70 +++ hemorrhage; diffuse +++ hemorrhage; extensive Diffuse necrosis, except cortico- 
severe hyperemia; focal myocardial necrosis medullary junction; bladder: 
fibrinoid arteriolitis, small slight hyperemia 
intestine 
71 ++ hemorrhage; moderate +++ hemorrhage; focal Acute and chronic pyelonephritis; 
hyperemia necrosis; slight myocarditis focal cortical necrosis, hemor- 
rhage; calcification of tubules; 
hemi-infarction in both kid- 
neys; abscess at inferior pole 
| left kidney 
Group C 
49 No hemorrhage; fibrinoid | +++ hemorrhage; extensive Diffuse necrosis, except cortico- 
arteriolitis, small intestine; myocardial necrosis with medullary junction; focal 
slight hyperemia mononuclear cell infiltration calcification of tubules; blad- 
der: slight hyperemia 
65 No hemorrhage; severe + hemorrhage; slight acute Diffuse necrosis, except cortico- 
hyperemia; focal fibrinoid myocarditis; focal calcifica- medullary junction; calcifica- 
arteriolitis, small intestine tion of muscle fibers; fibri- tion of tubules; bladder: + + + 
noid arteriolitis | hemorrhage; acute and chronic 
cystitis 
102 + hemorrhage, small intestine; | + hemorrhage; focal myo- Diffuse necrosis, except cortico- 
severe hyperemia, small cardial necrosis, slight myo- medullary junction; bladder: 
intestine; slight hyperemia, carditis, focal calcification + hemorrhage 
large intestine 
103 + hemorrhage; moderate +++ hemorrhage; extensive Diffuse necrosis except cortico- 
hyperemia; fibrinoid arterio- myocardial necrosis; fibri- | medullary junction; bladder: 
litis, large intestine | noid arteriolitis |  fibrinoid arteriolitis 
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ADRENALS 


SKELETAL MUSCLE 


OTHER ORGANS; REMARKS 


No abnormalities seen 


Periadrenal fibrinoid 
arteriolitis; severe 
medullary hyperemia 


Periadrenal hemorrhage 
(postoperative); focal 
necrosis of cortex; fibri- 
noid arteriolitis 


Fibrinoid arteriolitis 


No abnormalities seen 


Fibrinoid arteriolitis of 
periadrenal vessels 


Focal periadrenal 
hemorrhage 


Capsular fibrinoid arterio- 
litis 


+ focal periadrenal 


hemorrhage 


No abnormalities seen 


No abnormalities seen 


Interstitial edema; dia- 
phragm: hem- 
orrhage and acute 
myositis 


Diaphragm: +++ 
hemorrhage 


Foeal fibrinoid arterio- 
litis 


Psoas muscle: 
hemorrhage 


+++ 


No abnormalities seen 


Diaphragm: focal ede- 


ma; skeletal: 
hemorrhage 


+ 


No abnormalities seen 


Focal acute myositis 


No abnormalities seen 


No abnormalities seen 


Zenker’s necrosis 


| RESPIRATORY SYSTEM 


Lungs: severe hyper- 

| emia, moderate edema, 
++ hemorrhage, 
focal atelectasis 


| Lungs: severe hyper- 
emia 


Lungs: severe hyperemia 
and focal atelectasis; 
bronchopneumonia 


Lungs: hyperemia, 
edema, + hemorrhage; 
focal atelectasis, acute 
bronchitis 


| Lungs: hyperemia, 
+++ subpleural 
hemorrhage 


Hyperemia of liver, focal 
capsulitis; + hemorrhage 
of spleen 


Hyperemia of liver, biliary 
stasis; generalized icterus; 
hemolymph nodes in ee 
mesentery 


Hyperemia of liver with 
atrophy of central region; 
+ hemorrhage of spleen; 
hyperemia of pancreas; 
generalized icterus 


Severe hyperemia of liver 
with central atrophy 


Hyperemia of liver; ++ 
hemorrhage of pancreas; 
hemolymph nodes in 
mesentery 


Lungs: hyperemia; 
fibrinoid arteriolitis 


Lungs: hyperemia, + 
hemorrhage 


Lungs: hyperemia, 
edema, and broncho- 
pneumonia 


| Lungs: hyperemia | 


edema, and broncho- | 


| 

Lungs: hyperemia, 
pneumonia 


| Lungs: hyperemia 
| 


+++ hemorrhage of liver, 
severe hyperemia; +++ 
hemorrhage of pancreas, 
interstitial and into islets 
of Langerhans 


= 


Hyperemia of liver; + hem- : 
orrhage of spleen; + ce 
hemorrhage, interlobular, 
of pancreas; hemolymph 
nodes in mesentery 


Hyperemia of liver 


Hyperemia of liver; + ++ 
hemorrhage of spleen, sub- 
capsular necrosis, calcifi- 
cation, and hemosiderosis 


| Severe hyperemia of liver 


Hyperemia of liver 


| 
| 
| 
4 
| 
| 
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TABLE I,— 
DOG NO. GASTROINTESTINAL TRACT HEART GENITOURINARY TRACT 
Group D 
72 No hemorrhage; slight No abnormalities seen Diffuse necrosis, except cortico- 
hyperemia medullary junction; bladder: 
slight hyperemia 
74 No hemorrhage; moderate No hemorrhage; slight focal Diffuse necrosis, except cortico- 
hyperemia acute myocarditis with focal medullary junction; bladder: 
necrosis calcification of slight hyperemia 
muscle fibers 
73 Several epetchiae of esophagus; | No abnormalities seen Marked focal necrosis and focal 
focal fibrinoid arteriolitis of tubular calcification; bladder: 
stomach and small intestine negative 
58 No hemorrhage No abnormalities seen | Diffuse necrosis, except cortico- 
medullary junction; focal 
tubular necrosis with focal 
calcification 
61 No abnormalities seen (gross | No abnormalities seen | Extensive infarction of right 
examination only) kidney; hemi-infarction of left 
kidney; bladder: slight 
hyperemia 


syringe with the rutin before injection. Absorption was good, and in no instance 
was there abscess formation at the site of injection. 

To maintain objectivity neither the surgeon nor the pathologist knew at the 
time of his respective participation the group to which the animals belonged. 

Femoral arterial blood pressures were determined by a Hamilton manometer 
in 8 dogs that had been trained for several weeks for blood pressure determination 
without anesthesia.‘ These animals were distributed in the groups as follows: 
3 dogs in Group A, 2 in Group B, 2 in Group C, and 1 in Group D. 

The occurrence of hematuria, melena, anuria, convulsions, and vomiting 
was carefully noted, and the level of blood urea nitrogen was determined every 
2 to 3 days. The incidence of hemorrhage was noted and graded as follows: 
0= no gross hemorrhage, 1+ = occasional petechiae, 2+ = moderate number of 
petechiae, 3+ = numerous petechiae and confluent hemorrhages. The accuracy 
of such grading was checked by having other members of the department grade 
the same organs. In all instances agreement was good. 


RESULTS 


The operative procedure resulted in the malignant phase of hypertension 
as described by Goldblatt. Uremia developed in all animals, the blood urea 
nitrogen rising to 200 to 300 mg. per 100c.c. During this time, lassitude, anorexia, 
and convulsions were noted, and in all instances the termination was death. 

There was no significant difference in the duration of postoperative survival 
of the 4 groups. The average survival was 5 days, with a range of 2.5 to 16 days. 
One dog of Group B survived 14 days, and 1 dog in Group D survived 16 days. 
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ConT’D 
ADRENALS | SKELETAL MUSCLE RESPIRATORY SYSTEM OTHER ORGANS; REMARKS 
| 
Focal fibrinoid arteriolitis | Diaphragm: + inter- Lungs: hyperemia; No abnormalities seen of 
in cortex stitial hemorrhage, focal atelectasis, spleen, brain, pancreas; 
focal myositis bronchopneumonia hyperemia of liver; gen- 
eralized icterus 
Microscopic focal hemor- No abnormalities seen Lungs: hyperemia; + Hyperemia of liver; general- 
rhage and acute in- hemorrhage, edema, ized icterus 
flammation bronchopneumonia 
No abnormalities seen | Psoas: + hemorrhage | Lungs: broncho- Hyperemia of liver; general- 
| pneumonia ized icterus 
| 
No abnormalities seen | No abnormalities seen Lungs: hyperemia, focal | Severe hyperemia of liver 
| atelectasis, broncho- with central atrophy 
pneumonia; acute ne- 
crotizing bronchitis 
No abnormalities seen | No abnormalities seen Lungs: broncho- Hyperemia of liver; focal 
pneumonia purulent peritonitis 


In the former, hemi-infarction of 1 kidney occurred because of an aberrant renal 
artery which was not ligated. In the latter, the dorsal one-half of 1 kidney was 
not infarcted because of multiple small cortical arteries. On the day before death, 
the blood urea nitrogen (B.U.N.) levels of these 2 dogs were 155 and 270 mg. 
per 100 c.c., respectively. 

The range of blood pressure taken before operation was from 110 to 173 mm. 
Hg systolic and 80 to 105 mm. Hg diastolic. In all but 1 of the 8 dogs examined 
there was a marked rise in blood pressure. The range of systolic pressures after 
operation was from 175 to 255 mm. Hg and the diastolic pressures from 115 to 
215 mm. Hg. The 1 dog in Group B lived 60 hours after the operation without 
an increase of blood pressure from the preoperative level of 155/80 mm. Hg, 
although the blood urea nitrogen was 275 mg. per 100 c.c._ In the animals show- 
ing an increase in blood pressure, the maximum rise occurred on the third post- 
operative day with a gradual decrease in pressure to hypotensive levels on the 
day before death. 

The pathological changes are presented in detail in Table I. The protective 
effect of rutin on the incidence of hemorrhagic phenomenon and necrosis was 
striking in Group D in which the animals were given rutin 10 days before opera- 
tion and throughout the postoperative period. 

Heart.—Gross examination revealed massive hemorrhage in the hearts of 
all dogs in Groups A, B, and C and the absence of hemorrhage in the dogs in 
Group D (Figs. 1, 2, and 3). The distribution of the hemorrhages was principally 
in the subendocardial layers of the left ventricle and papillary muscles. The 
interventricular septum was more severely involved than the free walls, the left 
ventricle more than the right, and both ventricles more than the atria. In addi- 
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Fig. 1.— Photograph of heart of dog No. 75, control group, showing extensive subendocardial 
hemorrhage. Microscopically there was severe myocardial necrosis, 


Fig. 2. Photograph of heart of dog No. 101, control group, showing extensive myocardial necrosis. 
Microscopically, there was, in addition, fibrinoid arteriolitis and acute myocarditis. (Grossly, hemor- 
rhagic areas are smaller than in dog No. 75; in the photograph they are darker and particularly promi- 
nent near the upper part of the interventricular septum.) 
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tion to the hemorrhage, and associated with it, were sharply demarcated, moder- 
ately friable, yellow areas ranging up to 8 mm. 

Microscopic examination of the hearts substantiated the gross impression 
of the hemorrhages and, in addition, revealed myocarditis and necrosis. These 
lesions were much more prominent in Groups A, B, and C than in Group D 
(Table I). The lesions were characterized by infiltration of neutrophils, lympho- 
cytes, and large mononuclear cells and varying degrees of degeneration and 
necrosis. The regions of degeneration were poorly defined. The myocardial 
fibers were deeply eosinophilic, irregular, and their outlines indistinct. These 
foci of degeneration shaded into regions where nuclei were absent and cross 


Fig. 3.—Photograph of heart of dog No. 74, 10 day (pretreated) Group D, showing only slight 
focal necrosis in the inner layer of the mid-portion of the posterior wall of the left ventricle. 


striations lost, and the whole region formed an intensely eosinophilic mass of 
amorphous material in which numerous leucocytes were scattered (Fig. 4). One 
dog in Group D (No. 74) had no hemorrhage in the myocardium, but focal areas 
of acute myocarditis with slight degeneration of the muscle fibers were scattered 
through the subendocardial region. In this animal and dog No. 65 from Group C, 
numerous fine, basophilic granules were present within the muscle fibers, appar- 
ently representing calcium depositions. Examination of the vessels throughout 
the section revealed only rare instances of necrotizing arteritis, and for the most 
part arterial lesions were not identifiable in the regions of myocardial injury just 
described. 
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Gastrointestinal Tract.—Gross examination of the gastrointestinal tract in 
the dogs of Groups A and B revealed numerous petechiae, occasional ecchymoses, 
and larger extravasations of blood. These hemorrhages occurred throughout the 
entire gastrointestinal tract but were most marked in the duodenum and in the 
distal one-third of the ileum. These hemorrhages involved all of the layers of 
the tract but mostly the mucosa and submucosa. Occasionally, shallow ulcers 
were observed in the duodenum. In the colon the hemorrhages were arranged 
for the most part along the tips of the mucosal folds. In these instances the 
intestinal contents were pink or black, particularly in the distal portion of the 
tract. In the dogs of Group C, the incidence and extent of hemorrhages were 
less, and in Group D hemorrhage was absent. 


Fig. 4.—Section of myocardium from dog No. 101. The right side of the photograph demon- 
strates the necrosis, inflammation, and hemorrhage characteristic of this lesion. Lesser degrees of 
change are present in the remainder of the photograph. (Hematoxylin-eosin, 280.) 


Microscopic examination of sections from the gastrointestinal tract revealed 
foci of hemorrhage in addition to moderate hyperemia. Necrotizing arteriolitis 
was found scattered irregularly throughout the wall of the gastrointestinal tract. 
There was no constant relationship between the hemorrhages and the arteritis. 
A definite site of origin of the hemorrhages could not be determined. 


Genitourinary Tract.—Gross examination confirmed the presence of severe 
bilateral renal artery constriction. As noted previously, extensive infarction 
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was found in all but 2 dogs. Of these 1 had hemi-infarction due to an aberrant 
renal artery in 1 kidney, and the other had only partial infarction due to numerous 
small arteries entering through the cortex. 

The microscopic lesions were similar in all groups (Figs. 5 and 6). There 
was extensive degeneration and coagulation necrosis involving the cortex and 
medulla but sparing the tissues at the corticomedullary junction. In 1 dog 
(D, No. 58) the necrosis was so extensive that the corticomedullary junction was 
spared in only scattered foci, but in addition to these there was sparing of the 
tissues around the larger vessels between the papillae. In 2 dogs the necrosis 


Fig. 7.—-Arteriole from periadrenal tissue of dog No. 101. Necrosis of the media has destroyed 
all cellular detail, and the surrounding tissue shows slight inflammation. (Hematoxylin-eosin stain, 
140.) 


occurred as foci scattered throughout the cortex so that sparing of the cortico- 
medullary junction was not a significant feature. In the regions of degeneration 
tubular cells were markedly swollen and granular with irregular loss of nuclei 
throughout. In the regions of necrosis, tissue outlines were still visible, but 
nuclei were absent and the tissue was brightly eosinophilic. In no animal was 
necrotizing arteriolitis found in the kidney. 

Hemorrhages were frequent in the urinary bladder in Groups A, B, and C, 
but absent in Group D. Dog No. 65 (Group C) had acute and chronic cystitis 
in addition to the submucosal hemorrhage. 
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Arterioles.—Lesions of the arterioles were found scattered irregularly 
throughout many of the organs of the body, but they were uniformly absent in 
the kidney. The arteriolar lesions were characterized by an irregular segmental 
method of distribution within the vessels, involving either a part or the total 
circumference of its wall. Throughout the region of involvement there was loss 
of nuclei and bright eosinophilic staining of the remaining tissues (Fig. 7). No 
structural detail remained, so that instead of the usual fibrillar pattern of the 
arteriolar wall there was a diffuse, homogeneous, bright pink material that in- 
volved the entire thickness of the focus affected and in some instances extended 
into the surrounding connective tissue. In addition to this necrosis, there was 
infiltration of neutrophils and lymphocytes into the perivascular tissues and to a 
lesser extent into the wall of the vessel itself. The inflammatory component, 
however, was not the striking feature of the lesion. 


Other Organs.—Less severe hemorrhage occurred in the adrenals, lungs, 
spleen, and skeletal muscle. The lungs and liver were markedly hyperemic in 
all groups, and upon microscopic examination marked dilatation of the central 
portion of the sinusoid was found throughout the liver. An icteric tinge of the 
serous membranes was frequently noted. Serum bilirubin determinations were 
not done. It is possible that the icterus was due to hepatocellular damage sec- 
ondary to severe hyperemia of cardiac origin.® 


DISCUSSION 


The site of vascular discontinuity indicated by the hemorrhages occurring in 
malignant hypertension in both animal and man has not been identified. Gold- 
blatt® has described small hyalinized and necrotic masses within foci of hemorrhage 
in experimental animals having malignant hypertension. He interpreted these 
findings as degeneration of capillaries and therefore concluded that much of the 
hemorrhage arose from this capillary degeneration. However, he did mention 
that red blood cells are sometimes found within the hyalinized or necrotic wall 
of an arteriole, and hence hemorrhage from an arteriole may occasionally occur. 
Similar observations made in our animals also suggest capillary involvement, 
and in the absence of a definite correlation between arteriolar lesion and site of 
hemorrhage the possibility of capillary origin must be considered. 

The assumption that the capillary is a possible site of hemorrhage in experi- 
mental malignant hypertension seemed a logical reason to employ vitamin P 
substances in an attempt to control this manifestation of the hypertension. 
These flavones have been reported as exerting a nonspecific stabilizing effect on 
capillaries and indeed upon the stability of the whole “‘ground substance.’’7:*.°:?." 


If we accept the observation that degenerative changes occur in the entire system 
of ground substance in hypertension,' it may be that the flavanols have an effect 
upon the entire ground substance but that this is manifest only by the effect on 
capillaries and arterioles in preventing hemorrhage. 

The effect of rutin was striking in its prevention of hemorrhage in those 
animals that received rutin for 10 days before renal artery constriction and 
during the remainder of the experimental period. The failure to prevent 
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hemorrhage in Groups B and C may be explained by the observations of Field 
and Rekers’ that the laboratory dog is relatively unsaturated to flavanols as 
indicated by the lapse of several days before injected rutin is detected in the 
urine. In view of such a report it appears doubtful that the animals in Groups 
B and C were saturated at the time of the renal constriction. 

Detailed information concerning the fate of vitamin P substances after 
ingestion is still lacking.'' Since the requirements, storage, excretion, and 
metabolism of these substances have not yet been worked out in either normal or 
diseased states, it is obvious that the mechanism of action in the present instance 
remains unknown. It is of interest to note that in Group D the hypertension, 
uremia, and death occurred in the same manner as in the other groups. It is 
apparent that the use of rutin did not alter the course of the disease except to 
eliminate the hemorrhagic phenomena. Such observations indicate that hemor- 
rhage can be separated from the remaining syndrome characterized as malignant 
hypertension. They correlate with the clinical observation that occasional pa- 
tients with malignant hypertension have little or no hemorrhage or arteriolar 
necrosis. This latter observation suggests a mechanism of protection in some 
patients with malignant hypertension, but the nature of such protection is not 
known. 

Since rutin has no effect upon the course of the experimental disease except 
for the prevention of hemorrhage, it is most unlikely that rutin would alter the 
course of the disease in man except for the possible prevention or diminution of 
the hemorrhagic phenomena. Considerable numbers of contradictory reports 
upon the effectiveness of rutin have been made.'' In these instances rutin was 
administered orally, and it may be that such results will be clarified when paren- 
teral preparations are used or when other members of the group of substances 
which are rapidly absorbed from the gastrointestinal tract are given. Although 
the evidence for the clinical effectiveness of rutin is inconclusive at the present 
time, the present study suggests that when rutin is given over a long period and 
in large quantities to the animal, possibly to the point of saturation, then there 
is a beneficial effect in the prevention of hemorrhage. 

Certain incidental observations were made which are worthy of comment. 
In the entire series of animals extensive degeneration and necrosis occurred in 
the kidneys. This involved the renal cortex and medulla but spared the cortico- 
medullary junction. Such an observation correlates well with the recent work 
of Hayman" indicating that less pressure is required to supply the cortico- 
medullary zone of the kidney than is required for the remainder of the cortex 
and medulla. This observation suggests that such a mechanism is active here 
in the preservation of the corticomedullary zone and that slight variations in 
constriction and collateral circulation may readily explain the variations noted 
in the amount of tissue preserved. 

The necrosis, hemorrhage, and degeneration which were noted frequently 
in the myocardium suggested a possible relationship with the cardiomyopathy 
described by Gouley."® However, further examination of the lesions and com- 
parison with the description of Gouley indicated numerous points of disparity 
(Table II). 
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TABLE II. COMPARISON OF GOULEY’s DATA WITH OuR Own 


GOULEY’S CARDIOMYOPATHY | MYOPATHY IN PRESENT EXPERIMENTS 
Location of lesions Subepicardial Subendocardial 
Inflammation Absent Present 
Necrosis Rare Fairly common 
Hemorrhage Absent Fairly common 
Fatty degeneration Common Not proved, but doubtful 
SUMMARY 


Fulminating hypertension was produced in 16 dogs by bilateral renal artery 
constriction. Rutin prevented the characteristic hemorrhagic phenomena when 
administered subcutaneously 10 days before renal artery ligation and 
during the postoperative period. However, both control and treated dogs devel- 
oped equally severe uremia, and the survival time was not altered. 

The protective action of rutin may be due to its stabilizing effect on the 
ground substance of the arterioles and of the pericapillary sheath. 

A striking feature noted in all experimental groups was the sparing of the 
corticomedullary junction of the kidneys. 
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THE TERMINATION OF AURICULAR FIBRILLATION IN DOGS WITH 
PROCAINE AMIDE HYDROCHLORIDE 


MILTON SCHLACHMAN, M.D., JAMEs W. BENJAMIN, PH.D., AND 
Rosario TERRANOVA, M.D. 


New York, N. Y. 


EEK, Hathaway, and Orth demonstrated that small amounts of intra- 

venous epinephrine may cause a ventricular fibrillation in dogs given 
cyclopropane.' Burstein and associates, by utilizing this method of investigation, 
established the effectiveness of procaine and its derivatives, both intravenously 
and topically, in the termination and prevention of epinephrine-induced ven- 
tricular fibrillation and tachycardia.“ 

In the human being there are several reports on the successful treatment 
of the ventricular arrhythmias with procaine and its derivatives when used both 
orally and intravenously.*-? These early investigators stressed that the procaines 
were ineffectual in the therapy of arrhythmias of auricular origin. However, 
Schaffer and associates have shown that procaine will slow the “F’’ waves in 
auricular flutter and that procaine amide will terminate the auricular arrhythmias 
in the human being.*:* Burstein reported one case of auricular tachycardia and 
one of atrioventricular nodal tachycardia occurring during cardiac surgery which 
he believed were reverted to normal sinus rhythm by the intravenous injection 
of procaine.t’ Beck and Mautz were able to terminate auricular fibrillation by 
applying procaine directly to the auricles.'’ 

Rosenberg and co-workers have shown that ethylaminoethanol, a metabo- 
lized product of procaine, is more effective and less toxic in the treatment of the 
ventricular arrhythmias although larger doses are required.® 

It is the purpose of this communication to demonstrate the successful termi- 
nation of drug-induced auricular fibrillation in dogs by both the intravenous 
injection and local topical application of p-amino-N-(2-diethylaminoethyl) benza- 
mide hydrochloride.* 

METHOD 


The dogs were anesthetized by the intraperitoneal injection of Pentothal 
Sodium, and artificial respiration was instituted. The vagi were cut in the neck, 
and the heart was exposed by the removal of the anterior chest wall. Auricular 
fibrillation was produced by two methods. In one, Scherf’s method was used." 
A 0.2 per cent acetylcholine solution was either applied topically or injected 


From the Department of Medicine and Physiology of the New York Medical College, Flower and 
Fifth Avenue Hospitals, New York. 
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*Pronestyl was kindly supplied by Dr. L. B. Hobson of E. R. Squibb & Sons, New York, N. Y. 
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subepicardially in the region of the sinoauricular node or right auricular ap- 
pendage. Simultaneously, the peripheral end of the right vagus nerve was stimu- 
lated with faradic current for a few seconds until auricular standstill occurred. 
This was followed invariably by a persistent auricular fibrillation or auricular # 
flutter. The second method was similar to the first except that a 100 per cent ? 
tetraethyl pyrophosphate* was substituted for the acetylcholine. 
When it was certain that the auricular arrhythmia was not transient, two 
series of experiments were done. 


pest 


Fig. 1.—A, Control; B, auricular fibrillation; C, normal sinus rhythm 28 seconds after_the 
injection of procaine amide. 


1. From 25 to 100 mg. of procaine amide hydrochloride in a 10 per cent 
solution were given rapidly as a single injection into the external jugular vein. 

2. 0.05 c.c. of a 10 per cent solution (5 mg.) of procaine amide hydro- 
chloride was injected subepicardially into the auricular site previously used to 
produce the auricular arrhythmia. 

Continuous Lead II electrocardiographic tracings were taken. The abnormal 
action of the auricles could be observed readily during the experiments. 


RESULTS 


It would seem that the results of the experiments could be best illustrated 
by direct reference to the figures. The experiments as stated were divided into 
two series: (1) the intravenous injection of procaine amide hydrochloride and (2) 
the subepicardial injection of procaine amide hydrochloride. 


*Generously supplied by Dr. C. G. Weigand of the Lilly Research Laboratories, Eli Lilly & Com- 
pany, Indianapolis, Ind. 


| 


286 AMERICAN HEART JOURNAL 


Intravenous Injection of Procaine Amide Iydrochloride.—Fig. 1,A is the 
control tracing showing normal sinus rhythm with a rate of 160 per minute. 
Fig. 1,B shows the acetylcholine-induced auricular fibrillation with a ventricular 
rate of 240 per minute. Fig. 1,C is an excerpt of a continuous record, illustrating 
the restoration of normal sinus rhythm 28 seconds after the intravenous injection 
of 100 mg. of procaine amide. The arrow indicates the beginning of normal sinus 
rhythm, and the heart rate is now 120 per minute. 

Fig. 2,A shows a control normal sinus rhythm with an auricular and ven- 
tricular rate of 160 per minute. Fig. 2,B demonstrates an auricular fibrillation 
produced by acetylcholine with a ventricular rate of 240 per minute. Fig. 2,C 
shows the reversion to normal sinus rhythm 9 seconds after the intravenous 
injection of 50 mg. of procaine amide. After one normal sinus beat, there is an 
auricular standstill for 2 seconds and then another sinoauricular beat. This is 
followed by middle atrioventricular nodal rhythm. 


Fig. 2.—-A, Control; B, auricular fibrillation; C, normal sinus rhythm 9 seconds after the injection 
of procaine amide, auricular standstill for 2 seconds, sinus beat, then atrioventricular nodal rhythm, 


Fig. 3,A is the control tracing of a dog in which auricular fibrillation induced 
by acetylcholine had been terminated by procaine amide with restoration of 
normal sinus rhythm. This shows a rate of 140 per minute. Fig. 3,B demon- 
strates a very rapid, fine, auricular fibrillation which was produced by the topical 
application of 100 per cent tetraethyl pyrophosphate to the right auricular ap- 
pendage. The fine fibrillary twitchings of the auricles could be seen easily during 
the experiment. A complete atrioventricular heart block with an occasional 


ventricular extrasystole also exists with a ventricular rate of 30 per minute. The 
site of impulse formation for the idioventricular rhythm must be above the 
bifurcation of the bundle branches, as the ventricular complexes are not aberrant 
in configuration. Fig. 3,C is a portion of a continuous tracing which illustrates 
the reversion to normal sinus rhythm 35 seconds after the intravenous injection 
of 100 mg. of procaine amide. Complete auriculoventricular heart block still 
persists. The auricular rate is 86 per minute and the ventricular rate 30 per 
minute. The center for impulse formation for the ventricles persists in the 
common bundle. 


d 
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Fig. 4,A is the control tracing of a dog which was subjected to a previous 
experiment and in which procaine amide terminated an auricular fibrillation. 
The atrioventricular node became the pacemaker for the heart. 
atrioventricular nodal rhythm ending and normal sinus rhythm being restored. 


This shows the 


5: 


B, auricular fibrillation, 


complete atrioventricular block, and ventricular 
extrasystoles; C, normal sinus rhythm 35 seconds after the injection of procaine amide. The complete 
atrioventricular block persists. 


Fig. 4.—A, Control showing transition of atrioventricular to sinoauricular rhythm; B, auricular 
fibrillation; C, normal sinus rhythm 30 seconds after the injection of procaine amide. 
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Fig. 4,B shows a very rapid auricular fibrillation produced by acetylcholine with 
a high-degree, although incomplete, atrioventricular block. Fig. 4,C is a portion 
of a continuous tracing demonstrating the restoration of normal sinus rhythm 
30 seconds after the intravenous injection of 25 mg. of procaine amide. 


Subepicardial Injection of Procaine Amide.—The same procedure was re- 
peated four times in one animal. Enough time elapsed between each experiment 
to be assured that the drug from the previous one did not interfere with the 
results. On each occasion, auricular fibrillation was created by the subepicardial 
injection of acetylcholine into the taenia terminalis in the region of the sino- 


Fig. 5..-A, Control; B, auricular fibrillation or flutter; C, reversion to sinus rhythm after 
the subepicardial injection of procaine amide. 


Aa 
SESS! 


Fig. 6.—A, Auricular fibrillation and ventricular extrasystoles; B, normal sinus rhythm 0.5 
second after the subepicardial injection of procaine_amide. 


C. 
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auricular node and was successfully terminated by the subepicardial injection 
of 0.05 c.c. of procaine amide into the same site used to produce the auricular 
fibrillation. 

Fig. 5,A is the control tracing of this animal and shows a normal sinus 
rhythm with a rate of 220 per minute. Fig. 5,B shows the acetylcholine-produced 
arrhythmia which may be a combination of auricular fibrillation and auricular 
flutter. The ventricular rate is 300 per minute. Fig. 5,C illustrates the reversion 
to normal sinus rhythm with a ventricular rate of 160 per minute. There is a 
notching of the T waves which may be due to superimposed P waves. If these 
are P waves, the auricular rate is 320 per minute and a 2:1 atrioventricular block 
exists. 

Fig. 6,4 shows the re-creation of auricular fibrillation, with runs of ven- 
tricular extrasystoles, in the same animal. The ventricular rate is 240 per min- 
ute. In Fig. 6,B, reversion to normal sinus rhythm occurred within 0.5 second 
after the subepicardial injection of 0.05 c.c. of procaine amide. 

In the other two experiments, the auricular arrhythmia was terminated in 
26 seconds in one, and in the other the time for reversion to normal sinus rhythm 
was not recorded. 

Table I summarizes the experimental results. 


TABLE I. 
PROCAINE | 
DOG | AMIDE | METHOD OF 
WEIGHT | ARRHYTHMIAS DOSE | ADMINISTRATION RESULTS 
6.5 | Auricular fibrillation 100 | Intravenous Normal sinus rhythm in 28 
| seconds 
7.0 Auricular fibrillation | 50 Intravenous Normal sinus rhythm in 9 
seconds followed by A-V 
nodal rhythm 
7.6 Auricular fibrillation 100 Intravenous Normal sinus rhythm in 35 
with complete seconds; complete A-V 
heart block | block 
Auricular fibrillation 25 | Intravenous Normal sinus rhythm in 30 
seconds 
8.5 Auricular fibrillation 5 Subepicardial | Normal sinus rhythm, pos- 
or flutter sible 2:1 A-V block; time 
not recorded 
Auricular fibrillation 5 Subepicardial | Normal sinus rhythm in 0.5 
second 
Auricular fibrillation 5 Subepicardial =| Normal sinus rhythm in 26 
plus ventricular seconds 
extrasystoles 
Auricular fibrillation 5 Subepicardial =| Normal sinus rhythm, time 
not recorded 
DISCUSSION 


These two series of experiments demonstrate that procaine amide can termi- 
nate drug-induced auricular fibrillation in dogs. Although the number of experi- 
ments is small, procaine amide did not fail to revert the auricular arrhythmia 
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to normal sinus rhythm in any. The transition from auricular arrhythmia to 
normal sinus rhythm was always sudden, and once normal sinus rhythm was 
established it was permanent. In other words, the auricular arrhythmia did 
not recur spontaneously but had to be re-created each time as a separate experi- 
mental procedure. 

The cessation of the rapid, irregular auricular tachycardia by the intravenous 
injection of procaine amide took from 9 to 30 seconds. The termination of the 
auricular fibrillation by subepicardial injections varied from 0.5 second to 26 
seconds. It is believed that this variation with the subepicardial injection was 
due to the difficulty in injecting exactly into the ectopic focus center. Such small 
amounts were used (0.05 c.c.) that it took some time for the procaine amide to 
diffuse to the ectopic focus. When an accurate subepicardial injection was made 
into the ectopic center, the auricular fibrillation stopped within 0.5 second. 

The termination of auricular fibrillation within 0.5 second after a subepi- 
cardial injection of procaine amide hydrochloride indicates that the action is not 
due to a metabolized product of the procaine amide. It would seem that 0.5 
second is not time enough for a metabolized product to be formed and to act 
effectively. Mark and associates also concluded that procaine amide is not 
quickly destroyed by the enzymes of the plasma, as the plasma level decreases 
but 10 to 15 per cent per hour. Sixty per cent is recovered in the urine un- 
changed.’ 

The intravenous dose of 25 mg. (4 mg. per kilogram) was as effective as 100 
mg. (12 mg. per kilogram) in terminating the auricular arrhythmia. The number 
of experiments as yet is too few to make a definite statement as to the smallest 
effective dose. 

Ventricular fibrillation was produced toward the end of the experimental 
periods by faradic stimulation of the ventricles. It was noted that after the 
animal had received procaine amide, it was difficult to produce this arrhythmia. 
Procaine amide was not successful in reversing this terminal event, but it may 
well be that we were already dealing with a dying heart since the animals had 
been undergoing experimental procedures for at least two hours. Stutzman and 
co-workers doubt the ability of procaine to reverse adrenaline-induced ventricular 
fibrillation in dogs.” 

CONCLUSIONS 


1. Drug-created auricular fibrillation in dogs can be terminated by either 
the intravenous injection or subepicardial injection of procaine amide hydro- 
chloride. 

2. The cessation of the auricular arrhythmias within 0.5 second after the 
subepicardial injection of 0.05 c.c. of a 10 per cent solution of procaine amide 
hydrochloride would seem to indicate that the effective results are not due to a 
metabolized product of procaine amide hydrochloride. 
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STUDIES WITH GITALIN (AMORPHOUS) FOR THE TREATMENT 
OF PATIENTS WITH CONGESTIVE HEART FAILURE 


RosBert C. BATTERMAN, M.D., Artour C. DEGRAFF, M.D., LEONARD B. 
GuTNER, M.D., O. ALAN Rosk, M.D., AND JosEPH LHowe, M.D. 


NEw York, N. Y. 


ITALIN, the water-soluble, amorphous mixture of glycosides extractable 

from Digitalis purpurea, was isolated by Kraft' in 1912. Under the names 
of Gitalin-Kraft in Germany, Digisol in Holland, and verodigen in this country 
and abroad, this digitalis preparation had been subjected to considerable phar- 
macological, as well as clinical, investigation. It was the concensus that gitalin 
possessed many of the properties of digitalis leaf or digitoxin and that with ap- 
propriate dosage one could utilize gitalin wherever digitalization was indicated. 
The American investigators, Stroud and associates,? Baker and Bloom,’ and Levy 
and Boas,‘ concluded that gitalin was just another digitalis preparation which 
could be used in place of those currently available. On the other hand, the Ger- 
man investigators,® notably Straub and Krehl,®* expressed the opinion that gita- 
lin was superior to other digitalis preparations. The reasons for this were vague 
and reflected impressions rather than pharmacological or clinical data. In view 
of this divergence of opinion between the American and German investigators, it 
was thought advisable to restudy this digitalis preparation. The purpose of this 
paper is to present our studies with amorphous gitalin for the treatment of con- 
gestive heart failure in comparison with our previous experiences with other car- 
diac glycosides. 

SCOPE OF INVESTIGATION* 


Since the management of the patient with congestive heart failure is a two- 
fold problem involving initial digitalization and subsequent maintenance of the 
digitalized state, the study was instituted to determine the following: 
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1. The dosage and best method to initiate digitalization with gitalin admin- 
istered orally. 

2. The amount of gitalin required during initial digitalization for a thera- 
peutic effect in terms of the toxic dose, i.e., the therapeutic ratio as compared 
with the ratios for digitalis leaf, digitoxin, and digoxin. 

3. The daily undivided dose most likely to result in satisfactory main- 
tenance. 

4. The daily undivided dose most likely to result in minimal signs and 
symptoms of toxicity. 

5. The therapeutic ratio for ambulatory patients receiving the minimum 
daily undivided dose for maintenance. 

6. The relative ease of establishment of satisfactory maintenance of the 
digitalized state. 

7. The ease of predicting the maintenance dose when initiating this dose in 
a patient who had been previously rapidly digitalized or who had been receiving 
another digitalis preparation. 

8. The degree and severity of toxicity as compared to other digitalis prepa- 
rations. 

9. The rapidity of dissipation of therapeutic and toxic effects. 


RESULTS 


Initial Digitalization.—Oral digitalization was attempted either by a multi- 
ple dose method or bya small, daily, undivided dose. All patients were hospital- 
ized and were selected on the basis of criteria previously established.’ Patients 
with complications such as recent myocardial infarction, acute pulmonary disease, 
and glomerulonephritis were excluded. With few exceptions the patients had 
never previously been given any digitalis preparation, and the few exceptions had 
not received any digitalis for at least four weeks prior to digitalization. This was 
to avoid the complication of previous digitalization and the possibility of this in- 
terfering with the establishment of a correct therapeutic dose and therapeutic 
ratio. 

The patients were observed according to the regimen established in previous 
studies.?. This consisted primarily in evaluating the maximum effect of the usual 
supportive measures before digitalization. The control period varied from 
patient to patient depending on the severity of the heart disease. With few ex- 
ceptions this period was usually for four to five days and allowed the exclusion of 
those patients who responded to bed rest as the only form of therapy. None of 
the patients received any mercurial diuretics prior to digitalization. 


Digitalization by the Multiple Dose Method.—Thirty-two patients with vary- 
ing degrees of severity of congestive heart failure were given amorphous gitalin 
according to a multiple dose schedule. The initial dose varied between 1.5 mg. 
and 4.5 mg., with the greatest number of patients receiving 1.5 to 2.5 mg. Sub- 
sequent doses, administered at six-hour intervals until a definitely sustained thera- 
peutic effect occurred or toxicity was noted, varied between 0.75 mg. and 2.25 
mg., with the greatest number of patients receiving 0.75 mg. For purposes of 
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this study, in order to determine the therapeutic range, it was necessary to obtain, 
if possible, the toxic dose. This is not advocated for the usual treatment of the 
patient with congestive heart failure. Once a sustained therapeutic effect is 
achieved, multiple doses should be discontinued and a maintenance dose admin- 
istered. 

The therapeutic dose was ascertained in twenty-six of the patients and ranged 
between 3.0 and 10.5 mg., averaging 5.7 mg. Digitalization was achieved in each 
instance without difficulty. Most of the patients showed the onset of therapeutic 
effect or improvement within twenty-four or forty-eight hours of digitalization. 
As in the case of other digitalis preparations, for each patient there was an opti- 
mum therapeutic dose which varied greatly from patient to patient. This dose 
could not be predicted in advance and was unrelated to the size of the initial or 
subsequent doses. To achieve the optimum dose, sufficient gitalin had to be ad- 
ministered at repeated intervals over a period of twenty-four to forty-eight hours. 
To avoid overshooting this optimum dose, the best dosage scheme was found to be 
an initial dose of 2.5 mg. and then 0.75 mg. every six hours until the desired 
therapeutic effect was obtained. 

The toxic dose ranged between 5.25 and 25.5 mg. (averaging 14 mg.) and 
was ascertained in thirty patients. One patient received 29.25 mg. without any 
manifestation of toxicity. The course of another patient will be discussed later 
when toxicity is considered. The type of toxicity was similar to that usually 
seen with any digitalis preparation. However, the toxic manifestations, regard- 
less of their severity, did not persist as long as in the case of digitoxin™’ and were 
not as transient as in the case of digoxin.’° 

The determination of the therapeutic range of a digitalis preparation is of 
importance as a guide to the recommendations for its subsequent clinical usage. 
In man, this determination is intimately related to the severity of the underlying 
heart disease and the degree of cardiac reserve the patient can exhibit under opti- 
mum conditions as well as the degree of congestive heart failure existing at the 
time of digitalization. Any individual determination on any particular patient 
may not reflect the over-all therapeutic range of the digitalis preparation because 
these factors may alter the therapeutic as well as the toxic dose. However, 
when many patients are studied, these factors tend to decrease in importance and 
do not play a significant role for the determination of the therapeutic range of the 
digitalis preparation per se. The therapeutic range may be expressed as a ratio 
in terms of per cent between the amount of the digitalis preparation required for a 
therapeutic effect and the total dose required for toxicity. In a group of thirty- 
six patients digitalized by digitalis leaf the therapeutic ratio was found to be 66." 
Similar results are noted for digitoxin and digoxin where the ratios were 58 and 61, 
respectively. Thus, these three preparations have the same therapeutic ratio, 
and adequate digitalization by a multiple dose method can be attained only if 
two-thirds of the actual or anticipated toxic dose of the preparation is adminis- 
tered. On the other hand, in the group of twenty-four patients receiving amor- 
phous gitalin where it was possible to attain both the therapeutic and toxic dose, 
the average therapeutic ratio was 37. This would indicate a greater therapeutic 
range for amorphous gitalin. 
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Slow Digitalization With Daily Single Doses.—I\t is possible by the administra- 
tion of a daily single dose to achieve slow digitalization in patients not requiring a 
more rapid or emergency procedure. The daily dose, however, must be greater 
than the predicted daily maintenance dose for the patient. In other words, it is 
a dose which allows sufficient cumulation for a relatively rapid therapeutic re- 
sponse and if continued wil! result eventually in toxicity. Since our studies on 
maintenance doses were in progress simultaneously and data on predictability of 
dosage were not yet available, the dosage scheme selected for slow digitalization 
was determined by trial and error. Thirteen hospitalized patients in mild to 
moderate congestive heart failure were given a daily single dose varying between 
0.75 and 2.25 mg. of amorphous gitalin. The dose best suited for this purpose 
was found to be 1.5 mg. Satisfactory digitalization was attained in each patient 
in from three to nine days. Continuation of the daily dose resulted in toxicity in 
seven of the patients. One patient was not observed for more than four days. 
In five patients continuous administration of the drug for as long as eleven to 
twenty-two days or to the day of discharge from the hospital did not result in 
toxicity. Toxicity may have eventually occurred if further observation were 
possible, since in the seven patients who became toxic it became evident from the 
seventh to the thirtieth day. This method of digitalization disclosed two facts. 
First, digitalization could be achieved with an occasional exception in four days 
if the daily dose were sufficiently high. Second, this digitalization could be at- 
tained with great safety since the toxic dose would not have been reached for 
many days thereafter. 

On the basis of this experience, it would appear that 1.0 or 1.5 mg. of amor- 
phous gitalin administered daiiy would be satisfactory for slow digitalization of 
the ambulatory patient. A larger dose would not result in a more adequate 
digitalization and could only be more dangerous on continuation of the medica- 
tion to the point of toxicity. Five patients in chronic congestive heart failure re- 
turned to the clinic with mild to moderate congestive heart failure after they had, 
on their own accord, discontinued the use of a digitalis preparation for several 
weeks or months. Two patients were treated on two occasions, allowing for seven 
trials. The daily dose was 1.5 mg. for all of the patients except one who received 
1.0 mg. Satisfactory digitalization was achieved in all instances. Thus, at the 
next clinic visit, one to two weeks later, there was complete abolition of all signs 
and symptoms of the heart failure and control of the ventricular rate in those 
patients who had chronic auricular fibrillation. Three of the patients con- 
tinued the same daily dosage to ascertain the time required for toxicity to occur. 
This was noted one to two weeks after the therapeutic response was attained. 


Studies on Maintenance in the Ambulatory Patient.—This study was con- 
ducted according to the technique established in a previous report.’ An at- 
tempt was made to determine the minimal daily undivided dose which would 
either prevent the occurrence of signs or symptoms of congestive heart failure or 
develop minor signs or symptoms of toxicity. The initial dose level was arbi- 
trarily chosen as any multiple of 0.25 mg., the smallest tablet furnished by the 
pharmaceutical firm. The patient was observed on any dose level for at least 
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eight to ten weeks unless toxicity resulted or it was evident that a particular dose 
was unsatisfactory for maintenance. 

Results with amorphous gitalin for maintenance or toxicity with undivided 
daily doses are presented in Tables I and II. It was possible to evaluate amor- 
phous gitalin for a total of 158 trials in forty-six patients. As in the case of other 
digitalis preparations, there was considerable individual variation. The minimal 
daily maintenance dose was established in thirty patients and ranged between 
0.25 and 1.25 mg. Approximately 73 per cent of the patients were maintained 
with a dose of 0.5 mg. or less. The minimal daily dose for toxicity was established 
in thirty-four patients and ranged between 0.5 and 3.0 mg. Table III presents 
the predictability of obtaining either maintenance or toxicity with any daily dose 
level. The dose that is best for initiating maintenance appears to be 0.5 mg. 
The administration of this dose will maintain the majority (79 per cent) of patients 
with the least likelihood of the occurrence of toxicity. 


TABLE I. EFFECTIVENESS OF VARIOUS DAILY ORAL Doses oF AMORPHOUS GITALIN 


DOSE TRIALS POORLY MAINTAINED 
(MG.) WELL OR DEVELOPED DEVELOPED 
MAINTAINED INCREASED CONGESTIVE TOXICITY 
HEART FAILURE 

0.25 23 11 12 0 
0.5 35 29 5 1 
0.75 41 25 2 14 
1.0 23 11 1 11 
1.25 13 6 0 7 
1.5 13 4 0 9 
1.75 3 1 0 2 
2.0 2 1 0 1 
2.25 2 1 0 1 
2.5 1 1 0 0 
2.75 1 1 | 0 0 
3.0 | 1 0 | 0 1 
Total 158 91 | 20 47 


The maintenance dose was established with ease. This is reflected in the 
relatively low percentage of trials, regardless of dose, which resulted in congestive 
heart failure. Thus, for amorphous gitalin this was 12.6 per cent and is similar 
to our previous experience® with digoxin (12.6 per cent) and digitoxin (10.7 per 
cent.) 


Therapeutic Ratio in Ambulatory Patients.—Most patients receiving a digitalis 
preparation for daily maintenance will have a good cardiac reserve. Under the 
influence of an optimum dose of a cardiotonic drug, the heart will attain an 
efficiency within the limits of the underlying pathological condition. This car- 
diac reserve can be indirectly measured by the therapeutic range of the digitalis 
preparation. The usual patient requiring a daily dose of digitalis leaf for main- 
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tenance may have this dose increased without manifesting any toxicity or change 
in cardiac status. With a good cardiac reserve, this maintenance dose may be 
doubled without toxicity, but with advanced heart disease the patient may not 
tolerate any increase in dosage. If the number of patients is sufficiently large, it 
is the usual experience to find that on the average the patient’s minimal main- 
tenance dose is approximately two-thirds of a daily toxic dose. This can be stated 
in another way according to the accepted method of evaluating the therapeutic 
ratio in ambulatory patients by indicating the percentage of patients manifesting 
toxicity upon doubling the minimal maintenance dose. Thus, as reported pre- 
viously,® the therapeutic ratios for digoxin, digitoxin, and lanatoside C are 63.6 
per cent, 65.4 per cent, and 62.9 per cent, respectively. In other words, ap- 
proximately two-thirds of the patients will manifest toxicity upon doubling the 
minimal maintenance dose. When this ratio is determined for amorphous gitalin, 
it is noted that eleven out of twenty-seven patients, where both maintenance and 
toxic doses could be established, manifested toxicity upon doubling the main- 
tenance dose. The ratio of 41 per cent would indicate a greater range for amor- 
phous gitalin than the other cardiac glycosides. This is also in accord with the 
results obtained for initial digitalization. 
TABLE II. Datty UNbivipED Dose oF AMORPHOUS GITALIN REQUIRED FOR EITHER 

MAINTENANCE OR TOXICITY 


NUMBER OF PATIENTS 


MAINTENANCE TOXICITY 


| 


— 


~ 


Variation from Lot to Lot.—Since amorphous gitalin is a mixture of water- 
soluble fractions each of which possesses a digitalis-like action, it is important to 
determine whether uniformity from lot to lot can be achieved. Furthermore, it 
is necessary to determine whether various lots of amorphous gitalin derived from 
different batches of digitalis leaf will produce similar effects in the patient. The 
original investigation utilized a iarge batch of amorphous gitalin which was sup- 
plied in 0.75 mg. and 0.25 mg. size tablets. We had occasion to investigate three 
subsequent batches of amorphous gitalin. Utilizing each in turn for either initial 
digitalization or substitution for maintenance in patients already receiving the 
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first lot, we were unable to detect any clinical difference between each of the four 
lots. Although the lots of gitalin may vary slightly in animal and human potency 
under conditions of clinical usage, it would be unusual for the patients to reflect 
this difference unless the variation was conspicuous. 


TABLE III. PREDICTABILITY OF OBTAINING SATISFACTORY MAINTENANCE OR Toxicity WITH 
Various DatLy UNbiIvipED ORAL Doses or AMORPHOUS GITALIN 


DOSE INADEQUATE FOR 
MAINTENANCE OR ITS 


ADMINISTRATION DEVELOPED TOXICITY 
WELL MAINTAINED |WOULD HAVE RESULTED OR WOULD HAVE 
IN INCREASED DEVELOPED 
DOSE /NUMBER OF CONGESTIVE HEART TOXICITY 
(MG. ) PATIENTS | FAILURE 
NUMBER OF NUMBER OF NUMBER OF | 


PATIENTS | PER CENT | PATIENTS PER CENT PATIENTS | PER CENT 


0.25 28 11 39.3 17 60.7 0 0 

0.5 38 30 78.9 7 18.4 1 2.6 
0.75 42 25 59.5 2 4.8 15 35.7 
1.0 40 13 32.5 1 2.5 26 65.0 
1.25 39 7 17.9 0 0 32 82.1 
1.5 41 4 9.8 0 0 37 90.2 
1.75 40 1 25 0 0 39 97.5 
2.0 41 1 0.5 0 0 40 995 
2.25 41 1 0.5 0 0 40 99.5 
25 41 1 0.5 0 0 40 99.5 
2.75 41 1 0.5 0 0 40 99 5 
3.0 41 0 0 0 0 41 100.0 


Dissipation.—Studies on dissipation are still in progress. Preliminary data 
indicate that the effects are not as persistent as digitoxin or digitalis leaf, but not 
as rapid as digoxin or lanatoside C. Thus, the ventricular rate of a patient with 
chronic auricular fibrillation will remain slow for approximately ten to twelve 
days after discontinuation of gitalin therapy. After the minimal, daily, un- 
divided dose for toxic manifestation has been attained, if the dose is divided, but 
the same total daily dose is given, subsidence of toxicity will occur in only one- 
half of the patients. This is in contrast to our experiences with digoxin and la- 
natoside C where administration of the same total daily dosage, but in incre- 
ments, resulted in complete subsidence of toxicity in all patients. Once toxic 
manifestations are noted with the administration of digitoxin or digitalis leaf, 
these preparations must be discontinued immediately. Further administration 
of any dosage schedule of either digitoxin or digitalis leaf under such circum- 
stances will result in persistence of toxicity, thus indicating slow dissipation. 

Toxicity.—The type and severity of toxicity occurring with amorphous gita- 
lin were similar to those noted with the use of the relatively pure digitalis glyco- 
sides. The duration of the toxic manifestations was as a rule not as persistent 
as observed with digitoxin. However, this favorable property of amorphous 
gitalin should not blind us to the possibility that toxicity may occur with its ad- 
ministration and that this toxicity, as in the case of other cardiac preparations, 


may be serious. 


| | 
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During this investigation, two fatalities occurred. A patient with arterio- 
sclerotic heart disease and an associated, chronic, lymphatic leucemia received 
24.75 mg. of amorphous gitalin by the multiple dose method without any symp- 
toms or signs of toxicity whatever. Ten minutes after he reminded the nurse 
that the medication was due, he suddenly collapsed and died. Unfortunately no 
necropsy was performed. Although there is a possibility that an arrhythmia 
may have contributed to the patient’s death, it is improbable in view of the pa- 
tient’s well-being up to the time of his collapse. Since such an occurrence is not 
unlikely with patients with arteriosclerotic heart disease whether or not they are 
receiving any digitalis preparations, it is probable that the underlying heart dis- 
ease was the responsible factor. 

The second patient was a chronic alcoholic with multiple vitamin deficiencies, 
delirium tremens, and hypertensive heart disease. The possibility of a beriberi 
heart disease was considered in view of marked anasarca and absence of signs of 
left ventricular failure. The patient received 1.5 mg. of amorphous gitalin daily 
for twenty-one days without any improvement. Approximately twenty- 
four hours after the last dose he developed, while asleep, manifestations 
of a toxic psychosis. This took the form of delirium, hallucinations, dysarthria, 
dizziness, incontinence, and elevation of temperature. The ventricular rate was 
irregular at a rate of 120 per minute. The electrocardiogram revealed a partial 
heart block with an idioventricular rhythm. The patient died two days after 
the last dose of gitalin. If it were not for the arrhythmia, it would be impossible 
for us to state with any certainty that this patient represented a death due to 
digitalization. 

It is our belief that both of these patients present problems that are inherent 
in the use of any digitalis preparation and do not reflect any peculiar or undesir- 
able property of amorphous gitalin. On the contrary, the short duration of the 
usual toxic manifestations, such as weakness, anorexia, nausea, and vomiting, 
would favor gitalin over the longer-acting digitalis preparations. 


DISCUSSION 


The aim in any therapy is to achieve the desired therapeutic effect without 
the occurrence of toxicity. With rare exceptions, a medication with clinical 
merit possesses two doses, a therapeutic as well as a toxic dose. The safety of the 
medication may be thus expressed in terms of its therapeutic ratio or percentage 
of dose required for a desired therapeutic effect in terms of its toxic dose. The 
smaller the ratio, the greater the therapeutic range. The greater the therapeutic 
range, the more likely would a dose of the medication achieve clinical effectiveness 
without the occurrence of untoward reactions. 

Extraction and purification of the various glycosides that are present in digi- 
talis leaf or allied galenicals offered promise that these glycosides would possess 
advantages over the crude preparations. This has been realized, but to a limited 
degree. In regard to digitoxin, digoxin, and lanatoside C, the most important 
advantage in their introduction is their uniformity from lot to lot. However, in 
terms of more efficient or safer digitalization, these glycosides do not offer any ad- 
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vantage over digitalis leaf. Their therapeutic range is similar to the crude digi- 
talis preparations. It has been our experience that if a patient is no longer satis- 
factorily maintained with digitalis leaf and toxicity occurs with the next dosage 
level, the substitution of any of the above glycosides will result in the same re- 
sponse if comparable doses are used. The rapidity of dissipation and the factor 
of “completeness” of absorption do not, in our opinion, overcome this inherent 
shortcoming of these digitalis preparations, namely, a narrow therapeutic range. 

Amorphous gitalin possesses a therapeutic range which is greater than any 
digitalis preparation in current use. Patients who previously required approxi- 
mately two-thirds of the estimated or actual toxic dose to be digitalized or main- 
tained now may achieve restoration of cardiac efficiency with approximately one- 
third of the toxic dose. The importance of this cannot be too strongly stressed. 
Since in any case, the attainment of the optimum therapeutic dose cannot be pre- 
dicted in advance and must be reached cautiously by repeated doses, the use of a 
digitalis preparation with a greater therapeutic range has definite advantages. 
The optimum therapeutic dose could be reached with a greater degree of safety 
and less likelihood of overshooting with the production of toxicity. This does not 
mean that the usual caution required in digitalization be abandoned. On the 
contrary, the patient must be followed as carefully as before. However, the 
possibility of achieving a therapeutic effect before reaching a toxic level is greater 
for amorphous gitalin than for any other digitalis preparation. It now becomes 
clear why many European investigators preferred gitalin. Since, according to 
their methods of digitalization, they attained the digitalized state with relative 
ease and only occasionally noted toxicity, they interpreted this to mean less 
cumulation of gitalin in contrast with other digitalis preparations. In light of our 
studies, it is evident that cumulation is the same as in other digitalis preparations, 
but a greater amount of cumulation is required past the therapeutic effect to reach 
toxicity. It is also of interest to note that many physicians in the past preferred 
the infusion of digitalis which is an aqueous solution and, therefore, is essentially a 
solution of water-soluble glycosides or gitalin. Other desirable properties of 
amorphous gitalin include its rate of dissipation, uniformity in clinical potency, 
and predictability of dosage. Amorphous gitalin satisfies the criteria”® demanded 
of a digitalis preparation to a greater extent than any other available glycoside or 
mixture of glycosides. It would appear, therefore, to be the digitalis preparation 
of choice for the treatment of the patient with congestive heart failure. 


SUMMARY AND CONCLUSIONS 


1. Gitalin, the amorphous, water-soluble fraction obtained from Digitalis 
purpurea, was studied for its effectiveness in initiating and maintaining the digital- 
ized state in forty-five hospitalized and forty-six ambulatory patients. 

2. The average therapeutic and toxic doses with rapid oral administration 
were 5.7 and 14.1 mg., respectively. 

3. The therapeutic ratio of 37 attained in patients digitalized rapidly is in- 
dicative of a greater therapeutic range than that of any other available digitalis 
preparation or glycoside. 
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4. This greater therapeutic range and, therefore, increased safety factor are 
also evident during slow digitalization and establishment of the maintenance dose. 

5. Amorphous gitalin is uniform from lot to lot. 

6. Toxicity noted with gitalin is similar in type and severity to that in other 
digitalis preparations, but the likelihood of its occurrence with gitalin is less when 
initiating or maintaining the digitalized state because of its greater therapeutic 
range. 
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THE USE OF DRAMAMINE IN VESTIBULAR DISTURBANCES 
COMPLICATING HYPERTENSIVE AND ARTERIO- 
SCLEROTIC HEART DISEASE 


I. RALPH Go_pMAN, M.D., NEuTON S. STERN, M.D., 
AND THOMAS N. STERN, M.D. 


MemMPHIs, TENN. 


ISTURBANCES of vestibular function complicating cardiovascular disease 

are not uncommon.’ In the past, they have been treated unsuccessfully 
with numerous drugs. Gay and Carliner®* showed that a new antihistaminic, 
dimenhydrinate (Dramamine), relieved symptoms of motion sickness such as 
giddiness, dizziness, nausea, or emesis. Therefore, it was decided to study a 
group of patients with arteriosclerotic and hypertensive cardiovascular disease 
who suffered similar complaints and to determine their response to Dramamine. 


PROCEDURE 


Fifteen patients were studied in this series, all of whom had some form of 
cardiovascular disease and complained of symptoms referable to vestibular dys- 
function. Six of these were seen in the Outpatient Clinic of the John Gaston 
Hospital and the remainder in private practice. Each patient was placed on 
Dramamine in doses varying from 25 to 100 mg. four times daily. Each was then 
interviewed at frequent intervals to determine the effect of the drug, and the re- 


sults were tabulated. 
CASE REPORTS 


“ Case 1.—B. J. was a 74-year-old, white woman who was first seen in congestive failure 
secondary to long-standing hypertensive cardiovascular disease. She complained bitterly of 
vertigo with roaring in the ears upon sudden change in position. Physical examination revealed 
marked hypertensive retinopathy, auricular fibrillation, left ventricular hypertrophy, mitral in- 
sufficiency, and signs of congestive failure. The blood pressure was 190/80 mm. Hg. Neuro- 
logical studies were noncontributory. The congestive failure responded rapidly to therapy, but 
the vestibular symptoms failed to respond to phenobarbital and nicotinic acid. The patient was 
placed on 50 mg. of Dramamine four times daily with a sudden and complete disappearance of the 
vestibular complaints. These symptoms recurred when Dramamine was discontinued but again 
disappeared when the drug was readministered. 


Case 2.—W. D. was a 67-year-old, hypertensive, white man with a chief complaint of head- 
aches and dizziness. The dizziness usually resulted from sudden change of position. Physical 
examination was negative except for cardiac enlargement due to left ventricular hypertrophy and 
mitral insufficiency. The blood pressure was 189/90 mm. Hg. The patient had taken nicotinic 
acid with no relief of symptoms for a period of almost two years. At the beginning of this study, 
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the patient felt well except for the vertigo. He was placed on 50 mg. of Dramamine four times 
daily with almost complete disappearance of the vestibular symptoms. 


Case 3.—F. B. was a 68-year-old, white woman who had been studied for twelve years be- 
cause of hypertensive heart disease. The blood pressure usually ran around 220/120 mm. Hg. 
Dizziness had been an almost constant complaint during this period, and it failed to respond to 
numerous drugs such as papaverine, nicotinic acid, aminophylline, and phenobarbital. She was 
placed on 50 mg. of Dramamine four times daily with a dramatic cessation of the vestibular 
symptoms. After several days of therapy, she interrupted the use of Dramamine because of an 
aphthous stomatitis, and the vertigo recurred. With the disappearance of the stomatitis, Dra- 
mamine was again administered with a complete disappearance of vertigo. After one month's 
therapy, the patient discontinued the Dramamine with no further recurrence of the vestibular 
symptoms. 

Case 4.—W. H. was a 64-year-old, white man who was first seen with a chief complaint of 
stabbing pain in the left side of the chest radiating to the epigastrium. Physical examination was 
negative except for retinal arteriosclerotic changes and generalized arteriosclerosis. The blood 
pressure was 150/90 mm. Hg. Electrocardiographic studies revealed inversion of the T wave in 
Lead II. Following conservative therapy, T, became upright. During the convalescence, the 
patient complained of vertigo which was most severe upon sudden change of position or while 
walking, at which times he would stagger. Physical examination was negative except for arterio- 
sclerotic changes and hypertrophy of the left ventricle. Neurological consultation was requested, 
and all neurological studies proved negative. The patient was placed on nicotinic acid with slight 
relief of vertigo. He was then given 50 mg. of Dramamine four times daily with almost complete 
relief of the vestibular symptoms. 

Case 5.—H. B. was a 41-year-old woman with a chief complaint of ‘‘dizzy spells.” These 
usually were accompanied by severe headaches. She had been a known hypertensive for many 
years and failed to respond to any form of therapy. There was a marked psychosomatic overlay. 
Physical examination was negative except for a blood pressure of 220/120 mm. Hg. A complete 
neurological examination revealed only hyperreflexia. Increasing doses of Dramamine up to 100 
mg. four times daily were ineffectual in relieving the vestibular symptoms. 

Case 6.—I. B. was a 65-year-old, white woman with hypertensive arteriosclerotic cardio- 
vascular disease. She had had numerous episodes of angina which on one occasion caused inver- 
sion of Tayi which later became upright. Sudden changes in position would cause vertigo which 
at times would become constant and result in nausea and emesis. Physical examination revealed 
only arteriosclerotic changes and a hypertension of 220/130 mm. Hg. The patient was placed on 
50 mg. of Dramamine four times daily with a rapid cessation of the vertigo, nausea, and emesis. 
To date, there has been no recurrence of these symptoms, though the patient is no longer taking 
Dramamine. 

Case 7.—M. K. was a 75-year-old, white woman who had been followed for eight years be- 
cause of hypertension. She complained of vertigo and staggering during a good deal of this period. 
Physical examination revealed left ventricular hypertrophy with a mild mitral insufficiency. The 
blood pressure averaged about 220/120 mm. Hg. Electrocardiographic studies revealed left ven- 
tricular hypertrophy. Various drugs failed to relieve the vestibular symptoms. The patient was 
placed on 50 mg. of Dramamine four times daily with a complete cessation of vestibular dysfunc- 
tion. There has been no recurrence to date. 

Case 8.—S. S. was a 47-year-old, Negro woman who had been treated in the Cardiac Clinic of 
the John Gaston Hospital for hypertensive heart disease. The blood pressure was 210/116 mm. 
Hg. For two months the patient had complained of vertigo which caused her to stumble and 
fall. Neurological studies were negative. Following the failure of other drugs, she was placed 
on 25 mg. of Dramamine four times daily with a complete cessation of the vestibular symptoms. 
She has been seen at weekly intervals with no recurrence of symptoms. 

Case 9.—J. G. was a 65-year-old, hypertensive, Negro man who had been treated in the Car- 
diac Clinic of the John Gaston Hospital. The blood pressure was 215/120 mm. Hg. For two to 
three weeks prior to the start of this study, the patient complained of feeling drunk and of stagger- 
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ing. Phenobarbital gave no relief. The patient was placed on 25 mg. of Dramamine four times 
daily with a gradual and complete disappearance of the vestibular symptoms. 

Case 10.—L. H. was a 60-year-old, hypertensive, Negro woman who had been treated for 
dizziness, nausea, and staggering for six months in the Cardiac Clinic of the John Gaston Hospital. 
Phenobarbital gave her no relief. The blood pressure was 190/120 mm. Hg. Neurological 
studies revealed only a positive Romberg with a tendency to fall forward and to the left. She 
was placed on 25 mg. of Dramamine four times daily with a rapid disappearance of the vestibular 
symptoms, and the Romberg became negative. 

Case 11.—J. W. was a 64-year-old, Negro man who had been admitted to the Cardiac Clinic of 
the John Gaston Hospital because of hypertensive cardiovascular disease. For the six months 
prior to admission, he had noted marked dizziness and nausea. On several occasions he had been 
so dizzy that he lost his balance and fell. The blood pressure was 170/100 mm. Hg. Neurological 
studies were negative. He was started on 25 mg. of Dramamine four times daily, and though this 
dosage was raised to 100 mg. four times daily, there was no relief of the vestibular symptoms. 


Case 12.—H. W. was a 76-year-old, white woman with arteriosclerotic heart disease. Far 
many years she had been incapacitated by marked vertigo, particularly following sudden changes 
in position. Physical examination was negative except for generalized arteriosclerosis. The 
blood pressure was 146/86 mm. Hg. She was started on 50 mg. of Dramamine four times daily 
with a sudden and complete cessation of the vertigo. She has been followed for two months with 
no recurrence of the vestibular symptoms, though she has now discontinued Dramamine. 


Case 13.—G. J. was a 70-year-old, diabetic, Negro man who was admitted to the Cardiac 
Clinic of the John Gaston Hospital with a diagnosis of arteriosclerotic hypertensive cardiovascular 
disease. The chief complaint was “dizziness.” This was constant in nature, and though he had 
never actually fallen, things were always ‘‘swimming"’ before him. The blood pressure was 196/70 
mm. Hg. Neurological studies were noncontributory. He was placed on 50 mg. of Dramamine 
four times daily with a complete disappearance of the vestibular symptoms. To date, there has 
been no recurrence. 

Case 14.—W. M. was a 55-year-old, Negro man who was admitted to the Cardiac Clinic of 
the John Gaston Hospital with a diagnosis of hypertensive cardiovascular disease. He com- 
plained of extreme dizziness with everything whirling around him. He also felt drunk if he looked 
up suddenly. The blood pressure was 250/138 mm. Hg. Neurological studies were negative. 
He was placed on 50 mg. of Dramamine four times daily with almost complete cessation of symp- 
toms referable to the vestibular system. He no longer felt drunk upon looking up suddenly. 

Case 15.—W. H. was a 55-year-old, white, hypertensive man who was first seen in congestive 
failure. The main complaint was a severe dizziness with roaring in the ears. Physical examina- 
tion revealed left ventricular hypertrophy with chronic passive congestion of the lungs. The 
blood pressure was 220/120 mm. Hg. Neurological studies were negative. Hearing was normal. 
The congestion slowly responded to digitalization, low-salt diet, and mercurial diuretics. How- 
ever, the vertigo and tinnitus continued despite the use of phenobarbital and various vascular 
““dilators."" He was then placed on 50 mg. of Dramamine with a complete cessation of the ver- 
tigo. The tinnitus slowly disappeared. After several months of therapy, the Dramamine was 
discontinued with no recurrence of the vestibular symptoms. 


RESULTS 


The effect of Dramamine upon vestibular dysfunction complicating cardio- 
vascular disease was studied in fifteen patients. The results are shown in Table 
I. Most of these patients had previously tried other drugs with little or no suc- 
cess. Ten of the fifteen patients studied were completely relieved of the vestibu- 
lar symptoms. Marked improvement was seen in three. There was no improve- 
ment in Case 5 and Case 11. Thus, either complete relief or marked improve- 


ment occurred in 87 per cent of this series. 


> 
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TABLE I. 
AGE DOSE (MG. 4 

CASE (YEARS) DIAGNOSIS TIMES DAILY) RESULT* 
1 B.J 74 Hypertensive cardiovascular disease 50 ++++ 
2 W.D. 67 Hypertensive cardiovascular disease 50 +++ 
3 F.B. 68 Hypertensive cardiovascular disease 50 ++++ 
4 W.H. 64 Arteriosclerotic cardiovascular disease 50 +++ 
#8. 41 Hypertensive cardiovascular disease 50-100 0 
6 IB. 65 Hypertensive and arteriosclerotic car- 

diovascular disease 50 ++++ 
7 Mz. K. 75 Hypertensive cardiovascular disease 50 ++++ 
47 Hypertensive cardiovascular disease 25 +++ + 
9 Jj.G. 65 Hypertensive cardiovascular disease 25 ++++ 
10 L. H. 60 Hypertensive cardiovascular disease 25 ++++ 
11 J. W. 64 Hypertensive cardiovascular disease 25-100 0 
12 H. W. 76 Arteriosclerotic cardiovascular disease 50 ++++ 
13 G. J. 70 Hypertensive and arteriosclerotic heart 50 ++++ 
disease, diabetes 

14 W. M. 55 Hypertensive cardiovascular disease 50 +++ 
15 W. H. 55 Hypertensive cardiovascular disease 50 +++++ 

*) = no response 

1+ = slight response 

2+ = moderate response 

3+ = marked response 

4+ = disappearance of vestibular symptoms 


DISCUSSION 


Ford,’ in an excellent review of vestibular dysfunction, has classified ves- 
tibular disorders into three syndromes. Type 2 of this classification is called 
“Symptoms due to exaggeration of the vestibular reflexes.” He stated that ar- 
teriosclerosis, anemia, hypotension, debility, and serous labyrinthitis have been 
given as the etiological agents, but he feels that this type of vestibular dysfunc- 
tion is primarily a combination of vascular changes and prolonged nervous strain. 
This syndrome is characterized by vertigo on sudden movement of the head and 
must not be confused with Méniére’s disease. The usual story is that rising from 
a recumbent position, lying down, turning the head to one side either in the up- 
right or recumbent position, stooping and rising, or looking upward produces the 
vertigo. The slower the motion, the less severe the symptoms. While lying 
still, the patient is free of symptoms. These symptoms usually occur in middle- 
aged and elderly patients. The attacks may vary from acute severe ones con- 
fining the patient to bed to mild ones allowing him to continue an active life, 
merely guarding against sudden movements. Often the symptoms are more 
severe in the morning. In our opinion, these vestibular symptoms are too con- 
stant and too often appear in stable patients to state that they are on a psycho- 
somatic basis. Furthermore, the fact that Dramamine has proved effective in 
relieving these vestibular symptoms following the failure of numerous other 
drugs speaks for pathological vascular changes of the vestibular apparatus, al- 
though they may be exaggerated by a psychosomatic overlay. 
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Dramamine, chemically, is $-dimethylaminoethyl benzohydryl ether 8- 
chlorotheophyllinate. When given to mice intraperitoneally and to rats and 
mice by stomach tube, Dramamine is nontoxic. Large doses given intravenously 
cause a transient stimulation of respiration and fall of blood pressure. However, 
respiratory and blood pressure changes were not noted following oral adminis- 
tration in this series. 

Dramamine was first used by Gay and Carliner®* in a well-controlled study 
in the prevention and treatment of seasickness with conspicuous success. This 
work was substantiated by Rust and Fosberry” and Shaw." Dramamine has 
also been found to be effective in combating air sickness,"':'® nausea of preg- 
nancy,*"* Méniére’s syndrome,'’ radiation sickness,! nausea of aureomycin 
therapy,'? postoperative nausea," postfenestration reactions,? and nausea of 
electroshock therapy.’ 

Dramamine markedly depresses labyrinth function as was demonstrated by 
Gutner, Gould, and Batterman’ who studied this problem by using caloric and 
galvanic methods of vestibular stimulation before and after the oral use of Dra- 
mamine. This explains the partial to complete disappearance of vestibular 
symptoms resulting from changes in the vestibular apparatus secondary to ar- 
teriosclerotic or hypertensive heart disease. 

Most investigators recommend a dosage of 50 to 100 mg. of Dramamine four 
times daily. In this series, successful dosage varied from 25 to 100 mg. four times 
daily. In the two unsuccessful cases, dosages up to 100 mg. four times daily 
were used. No untoward side reactions were noted. 


SUMMARY AND CONCLUSION 


1. The effect of Dramamine on vestibular disturbances complicating ar- 
teriosclerotic and hypertensive cardiovascular disease was studied in fifteen 
patients. 

2. Dramamine, acting by depressing vestibular function, resulted in a com- 
plete disappearance of vestibular symptoms in ten patients and in marked relief 
in three. No change was noted in two patients. 

3. Dramamine appears to be of value in treating vestibular disturbances 
complicating arteriosclerotic and hypertensive cardiovascular disease. 

4. In view of the results obtained in this series, further studies are indicated. 
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ALTERED METABOLIC RESPONSE PRIOR TO THE DEVELOP- 
MENT OF HYPERTENSIVE VASCULAR DISEASE 


GEORGE A. PERERA, M.D. 
New York, N. Y. 


VIDENCE has been obtained pointing toward variations in pressor response 

and disturbances in salt and water metabolism in patients with essential hy- 
pertension as compared to normotensive subjects. These include differences in 
vascular reactivity,’ in the effect of desoxycorticosterone on blood pressure,* 
in the degree of weight loss and diuresis following salt withdrawal,’ and in the ex- 
cretion of sodium after thiocyanate administration.‘ 


Utilizing the test of rigid sodium chloride restriction on students in good 
health, Thomas and associates sought to determine whether a metabolic factor 
preceded or followed the development of certain types of hypertension.> Where- 
as the majority of the group studied lost 0.9 per cent or more of body weight after 
twenty-four hours of salt withdrawal, 27 per cent of the series lost less than this 
amount and coincided with the range previously recorded in patients with un- 
complicated hypertensive vascular disease.* A greater number of this latter 
group gave a history of familial hypertension or exhibited overnutrition, high 
normal blood pressure levels, or vascular hyperreactivity. Nevertheless, the 
authors were unwilling to conclude that this pattern indicated a ‘‘prehyperten- 
sive state’ from these observations alone. 


In order to gain further information with regard to the problem raised by 
Thomas and co-workers, studies are reported concerning a normotensive subject 
with a strong family history of hypertensive vascular disease who later developed 
the disorder while under observation. 


CASE REPORT AND RESULTS 


M. P., a 27-year-old Brazilian woman, sought medical attention because of an acute gastro- 
enteritis. She was selected for study after it was learned that both parents and an older sister had 
hypertension and with the finding of a strongly positive cold pressor test. Repeated, casually 
determined blood pressure values several months after her mild illness ranged between 116/72 and 
134/82 mm. Hg. Physical examination was entirely normal, and a urinalysis was negative. 


Rigid salt restriction for twenty-four hours, while the patient was on a measured constant 
diet,? resulted in a weight loss of 0.28 kilograms. The “resting’’ blood pressure? was then recorded 
each morning for a week, varying from 112/70 to 122/80 mm. Hg; following this she received daily 
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injections of 10 mg. of desoxycorticosterone acetate* subcutaneously for five days. During this 
period, the “resting” blood pressure measurements on successive days were as follows: 112/72, 
122/72, 116/80, 136/92, and 146/98 mm. Hg. The morning after discontinuation of the steroid a 
value of 140/90 mm. Hg was obtained, but thereafter the blood pressure returned to levels within 
the limits of the base line period. Because of this finding of an increase in arterial tension in asso- 
ciation with steroid administration, a similar study was undertaken employing injections of a 
placebo but with no significant effects on the blood pressure levels. 


The patient was then followed at intervals of one to two weeks and the blood pressure meas- 
ured casually at each visit. No reading in excess of 139/80 mm. Hg was obtained until three 
months had elapsed. At that time and without symptoms of any kind, the blood pressure was 
found to be 160/100 mm. Hg, falling to 146/94 mm. Hg after ten minutes of rest in the horizontal 
position. Thereafter, the casually determined arterial tension varied from 140/90 to 166/108 mm. 
Hg, “resting” values from 136/88 to 150/100 mm. Hg, on bimonthly visits for a period of four 
months. She was not informed of the appearance of hypertension. Repeated physical examina- 
tions after the first recording of an elevated pressure were otherwise within normal limits; there 
was no clinical evidence of any endocrine disturbance; three urinalyses disclosed no albuminuria, 
hematuria, or pyuria; and a benzodioxane test* failed to suggest the presence of a pheochromocy- 
toma. An intravenous pyelogram was normal, and there was no nitrogen retention. 


DISCUSSION 


An early pressor response to the administration of desoxycorticosterone has 
been observed before only in hypertensive patients. In over twenty normoten- 
sive adults, no significant blood pressure changes were noted during such short 
periods of treatment, and negative results have been obtained in three subjects 
who showed positive reactions to cold pressor tests but who have not developed 
hypertension in the course of three years of subsequent observation. 


The increase in arterial tension following desoxycorticosterone, as well as the 
failure to lose weight under the stimulus of rigid salt restriction, was evident in 
the patient studied prior to the appearance of the elevated blood pressure of 
hypertensive vascular disease. These results suggest that an altered metabolic 
response exists before the development of hypertension. However, such obser- 
vations, limited to a single patient, give no indication as to whether such changes 
precede the onset of overt disease by more than a short margin. Nevertheless, 
they provide a further argument that hypertension is but a manifestation of hy- 
pertensive vascular disease and that further search is warranted for a metabolic 
factor long in advance of the first outward signs of the disorder. 


SUMMARY 


An early pressor response to desoxycorticosterone, hitherto found only in 
hypertensive subjects, was obtained in a patient three months prior to the devel- 
opment of hypertensive vascular disease. The possibility is raised again that a 
metabolic factor may antedate the first signs of overt disease. 


*Supplied through the generosity of Dr. K. W. Thompson of Organon, Inc., Nutley, N. J. 
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Review of Recent Advances 


THE STATUS OF MERCURIAL DIURETICS FOR THE TREATMENT 
OF CONGESTIVE HEART FAILURE 


RoBeErt C. BATTERMAN, M.D. 


NEw York, N. Y. 


tle prognosis of the patient with congestive heart failure has undergone a 
dramatic change within the past thirty years. Since this is due mainly 
to the introduction of organic mercurial diuretics and the acceptance by the 
medical profession of their safety, a review such as this cannot neglect the his- 
torical background for this occurrence. In 1886, Jendrassik' popularized the 
use of calomel as a diuretic agent. However, the likelihood of gastrointestinal 
disturbances and mercurialism limited its use to one of last resort. In 1920, 
the first organic mercurial diuretic, known as Novasurol (merbaphen), was in- 
troduced.?. This followed a chance observation by a medical student*® that an 
organic mercurial compound then under investigation as an antisyphilitic agent 
produced in patients so treated an unexpected diuresis. Administered by injec- 
tion, Novasurol was a more reliable and effective diuretic than calomel, but the 
incidence of mercurialism continued to be high. In addition, another factor had 
to be considered for clinical usage, and that was the degree of local irritation at 
the site of injection. 


The problem of mercurialism and local irritation served to restrict the use 
of Novasurol to those patients not responding to the more conservative measures 
such as dietary regulation, control of fluid intake, digitalization, and other non- 
mercurial diuretics. Utilization of Novasurol when these measures were in- 
effective resulted in a prolongation of the patient's life from a few days or weeks 
to an average period of six months.‘ 


The introduction of Novasurol was, therefore, of tremendous importance. 
It not only indicated that the cardiac patient, heretofore considered helpless, 
could now be made relatively comfortable, but it also stimulated a synthetic 
program for more potent and safer mercurial compounds and initiated many 
investigations into the mechanism of diuretic action. It was, therefore, not 
surprising that Novasurol was followed in 1924 by the introduction of Salyrgan 
(mersalyl).° Although Salyrgan was more potent and less toxic than Novasurol, 
its use was still restricted. Mercurialism continued to be a possibility. The 
degree of local irritation at the site of injection necessitated extreme care in the 
administration of Salyrgan which was primarily by the intravenous route. 
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In 1928, von Issekutz and von Végh® introduced a new type of mercurial 
preparation destined to alter the over-all acceptance of these potent diuretics 
as safe medications. By combining theophylline with an organic mercurial 
component, it was demonstrated that not only was this combination more potent 
than the mercurial component alone, but also less toxic. It was originally thought 
that the combination of a xanthine diuretic with a mercurial diuretic resulted 
in a greater diuresis because of a summation of effect upon the kidney, the former 
increasing glomerular filtration and the latter decreasing tubular reabsorption. 
The lessened toxicity was attributed to the different chemical structure of the 
organic mercurial component. It was not, however, until 1935 to 1938 that the 
true explanation for the advantages of the combination became evident. On 
the basis of chemical, pharmacologic, and clinical data’ it became evident that 
the theophylline was in direct chemical union with the mercury radical of the 
organic component. In terms of clinical benefit, the chemical combination of 
theophylline and the organic mercurial results in (a) decreased affinity of the 
mercurial compound for tissue, thus decreasing local irritation, (b) increased 
absorption from the site of intramuscular injection or from the gastrointestinal 
tract, (c) decreased storage of mercury after absorption, allowing for an increased 
elimination, and (d) increased concentration of the mercury radical within the 
kidney, contributing to a greater diuretic response. On the basis of these find- 
ings, the diuretics available during this period, as well as several new compounds 
subsequently introduced, incorporated theophylline as an integral part of the 
medication. It was not until recently that it was demonstrated® that a mer- 
captan, sodium thioglycollate, could replace theophylline and thereby decrease 
even further the shortcomings inherent in the use of mercurial diuretics. 

Thus, the synthetic program by many laboratories disclosed that: (1) 
Toxicity and likelihood of mercurialism are decreased when the mercury radical 
is separated from the parent organic component. Whereas in Novasurol the 
mercury radical is directly attached to the benzene ring, in the newer diuretics 
the mercury radical is separated from the parent organic structure. With the 
exception of mercumatilin (Cumertilin) this is accomplished by an allylamide 
grouping. These compounds can be, therefore, classified as methoxy-oxymercuri- 
propylamides. In mercumatilin the allylamide grouping is replaced by an allyl 
group attached directly to the ring carbon atom of the heterocyclic ring structure. 
(2) The organic component of the diuretic other than the allylamide or allyl 
grouping, although essential for diuretic effectiveness and toxicity, may vary 
from a straight aliphatic chain to a complex heterocyclic ring structure. This 
is of particular significance for future developments of newer and perhaps less 
toxic mercurial diuretics. (3) It is essential to decrease the ionization or chemical 
reactivity of the mercury radical by either theophylline or a mercaptan. The 
formation of slightly ionized compounds increases the diuretic effectiveness and 
decreases the toxicity. This.should have been recognized as early as 1931 when 
it was pointed out by Fourneau and Melville® that ‘mercurial toxicity is not in 
direct relation to either the quantity per se of mercury injected or to the general 
chemical reactivity of the substance as shown by the action of certain chemical 
reagents, but rather dependent primarily upon the direct chemical linkage of 
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the metal.’’ It must be stressed that many preparations available today contain 
a higher content of theophylline than is required for chemical binding with the 
mercury radical. This is for purposes of stability and not for the excess theo- 
phylline to act as a diuretic in its own right. 

Mercurial diuretics after 1935 were used with a greater appreciation of their 
safety but with decreasing appreciation of their over-all necessity in any particular 
patient. Whereas in the past the diuretics were reserved for those patients not 
responding to digitalis or its derivatives and conjunctive conservative therapy, 
it now became a common practice to administer a mercurial diuretic without 
regard to adequacy of digitalization or responsiveness to other measures. It 
was not unusual for a patient to receive all therapeutic procedures simultaneously, 
so that it was impossible to determine which of the agents was of significance to 
the patient. The safety of mercurial diuretics has been so accepted by the medi- 
cal profession that the pendulum has swung from the position of utilizing the 
mercurial diuretics as a last resort to a position of unrestricted use as long as 
edema or symptoms of diminished cardiac reserve are present. There is no 
doubt that since 1935 the life span of a cardiac patient has been prolonged. 
However, because of lack of controlled use of the diuretics, it is impossible to 
state whether this betterment in prognosis is attributable to the diuretics per se 
or to the newer techniques in their use. 


The enthusiasm for the potent diuretics led many physicians to lose sight 
of the fundamental principles inherent in the course of the syndrome of congestive 
heart failure as well as those principles inherent in the pharmacology of mercurial 
diuretics. 

A patient with congestive heart failure may be classified as representing 
one of four possibilities: (1) He may be in the initial bout of failure. (2) He 
may be in a state of well-being with no manifestation of diminished cardiac re- 
serve as long as proper digitalis maintenance therapy is continued. (3) The 
patient may have lapsed on the basis of a precipitating factor from this mainte- 
nance group to one of severe failure. The course of this third group is usually 
short-lived since with the removal of the precipitating factor and other corrective 
measures the patient with rare exception returns to the maintenance group. 
(4) The patient manifests continuous and progressive signs and symptoms of 
diminished cardiac reserve which are only temporarily, if at all, alleviated by the 
combination of all known therapy. 


When the patient presents himself for therapy, he manifests as a rule well- 
established signs and symptoms of decompensation. Unless a careful history is 
available, it is impossible from the examination of the patient to state whether 
such a patient represents Group 1, 3, or 4 of the above. Since the determination 
of this fact is of paramount importance in regard to prognosis, it is recommended 
that the various therapeutic procedures be utilized in turn. As each therapeutic 
measure is found to be unsatisfactory for proper management, additional therapy 
is then instituted. It is not readily appreciated that the major problem in the 
therapy of congestive heart failure is the second group of patients. In terms of 


incidence they outnumber any of the other groups. Since this “maintained’” 
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group of patients is primarily ambulatory, such a patient is rarely incorporated 
in any study advocating the beneficial effects of any particular therapeutic 
measure. The advanced cardiac patients or those in Group 4 usually congregate 
in hospitals or chronic disease institutions so that a distorted perspective is 
given as to the importance of the specific therapy under investigation. Too 
often the results of studies in this particular group of patients are recommended 
as routine procedures for all patients with diminished cardiac reserve. The 
fallacy of this may be appreciated when one recognizes the probability of achiev- 
ing a satisfactory removal of cardiac edema and restoration of cardiac reserve 
with the known therapeutic measures when used in turn and subsequently in 
conjunction with one another in a group of patients admitted to a hospital for 
decompensation. Let us assume for statistical reasons that this group comprises 
1,000 patients. Under the influence of bed rest alone without dietary regulation 
or drug therapy, approximately 60 per cent of the patients would show an im- 
proved status in that within a few days or weeks all signs or symptoms of failure 
would have subsided. This is regardless of etiology of heart disease, age of 
patient, or underlying heart rhythm. The prognosis of such patients is excellent, 
and, although digitalization would be necessary subsequently to maintain ade- 
quate reserve, other measures such as mercurial diuretics, salt restriction, and 
resins are not essential for this group of patients. Of the remaining 400 patients 
not responding to physical rest, adequate digitalization regardless of preparation 
used will improve 80 per cent, or 320 patients. Again the prognosis is good since 
the majority of these patients may subsequently retain their improved status, 
in some cases for many years, under the influence of adequate digitalis mainte- 
nance. It is in the remaining 80 patients, or less than 10 per cent of the original 
group, that one must consider the use of other therapeutic measures. Mercurial 
diuretics, when used with consideration of all known factors that may influence 
their action, will remove the edema in approximately 90 per cent of the remain- 
ing patients. In other words, 8 patients, or approximately 1 per cent of the 
patients with edema, require sodium restriction by either dietary regulation or 
resin control. It is this 1 per cent of the cardiac patients which congregate in 
chronic disease hospitals. Frequent or even daily mercurial diuretics or very 
rigid low-sodium intake may be essential for these patients, but these procedures 
should not be advocated and used as routine procedures for all patients with 
edema. 

The mechanism of action and pharmacology of mercurial diuretics have 
been the subject of several excellent reviews" and will not, therefore, be considered 
here in detail. Mercurial diuretics influence only one phase in the cycle of edema 
formation, namely, salt retention. Since the cardiovascular dynamics are not 
immediately affected during the period of diuresis, any improvement of the pa- 
tient is secondary and reflects a symptomatic or palliative change rather than a 
specific alteration of cardiac efficiency. Administration of mercurial diuretics 
as the sole therapeutic measure may dehydrate the patient so that he is free 
of edema and relatively comfortable, but the basic reason for the failure, the im- 
paired myocardial efficiency, will continue unabated. Patients who represent 
the first three catagories of their disease, as described previously, will continue 
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to be in a state of poor heart function. Unless adequate digitalization is ad- 
ministered and maintained, reaccumulation of edema is the rule. Many patients 
have been treated with mercurial diuretics alone or in conjunction with salt 
restricted diets when digitalization or adjustment of the daily maintenance dose 
is all that is necessary to improve heart function and prevent the recurrence of 
edema formation. 

Mercurial diuretics have been advocated! for the treatment of acute par- 
oxysmal dyspnea or pulmonary edema. Since these conditions are helped only 
when sufficient diuresis occurs to dehydrate the patient, it should be recognized 
that significant diuresis does not occur before 30 to 45 minutes when the diuretic 
is administered intravenously and 90 to 120 minutes when it is administered 
intramuscularly. Several hours are required before sufficient fluid is mobilized 
to be of benefit. On the basis of these pharmacologic facts a mercurial diuretic 
is not justified as an emergency measure for the acute attack. It is, however, 
of value for the prevention of acute dyspnea and the relief of chronic pulmonary 
edema. 

From the foregoing discussion the indications for the use of mercurial 
diuretics may be stated as follows: They are of greatest value as a supple- 
mentary measure when other regimes such as digitalization are inadequate or 
insufficient for complete control of signs and symptoms of myocardial failure. 
Mercurial diuretics may be of temporary use for symptomatic relief until digital- 
ization is adequately attained. They may be used to control mild signs and 
symptoms of myocardial failure in conditions wherein digitalization may interfere 
with proper evaluation of cardiac disease, e.g., alteration of electrocardiogram 
in patients with myocardial infarction. Finally, they are of value to dehydrate 
patients as a prophylactic measure against paroxysmal dyspnea. 

The problem of mercurial diuretics has changed from that of potency and 
mercurialism to one revolving about methods of use and predictability of obtain- 
ing a satisfactory diuresis. When reports” of sudden fatalities began to appear, 
the intravenous route was discarded in favor of the intramuscular route. More 
recently the subcutaneous route was advocated" for the mercaptan type of 
mercurial, but the theophyllinated preparations have also been used in this 
manner.'* Within the year, the subdermal route’ was shown to be a relatively 
innocuous procedure and worthy of further evaluation. 

No sooner was the parenteral route shown to be satisfactory and superior 
to the time-honored oral administration of calomel than the cycle was completed 
with the reintroduction'® of oral mercurial diuretics. Theophyllinated prepara- 
tions administered in small, daily, oral doses are of value in selected patients and 
very often decrease or prevent the reaccumulation of edema. The rectal ad- 
ministration'’ of mercurial diuretics has not been satisfactory and in general 
has been discontinued. 

Investigations with methods of administration have included dosage, 
predictability of diuretic response in regard to route of administration, frequency 
of administration, factors influencing diuresis, and untoward reactions secondary 
to the diuresis. It is now generally agreed that the mercurial diuretics, if any- 
thing, are too potent and that to avoid undue diuresis and secondary untoward 
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reactions it is best to use an average 1.0 c.c. parenteral dose by the intramuscular 
route for the theophyllinated preparation and by the subcutaneous route for the 
mercaptan derivatives. It may be desirable in many cases to use a dose of 
1.5 or 2.0 c.c., but it is rarely necessary to exceed this amount. When ad- 
ministered intramuscularly, all theophyllinated mercurials are alike in regard 
to predictability of producing a satisfactory diuresis. Therefore, if no diuretic 
response is obtained when any of these preparations are used intramuscularly, 
a change to another theophyllinated diuretic administered also intramuscularly 
would be of no value. The administration of a mercaptan derivative sub- 
cutaneously or any of the diuretics intravenously may result in a satisfactory 
diuresis since the likelihood of response is greater by these methods.'* 

How often the mercurial may be administered has been the subject for con- 
siderable controversy. Conservative treatment recommends that administra- 
tion of the diuretic should not be routinized but should be guided by the patient's 
status. As pointed out as early as 1936,'® ‘‘the range between the weight before 
and after diuresis and the level attained when the patient is edema-free is the 
best indication for the effectiveness of a diuretic that is available at the present 
time.’ The diuretic is as a rule administered when the weight curve becomes 
constant and edema is still evident, or when there has been a gain in weight in- 
dicating reaccumulation of edema. The mercurial should not be administered 
to the point of “dry weight.’ This level is beyond physiologic limits and re- 
flects the depletion of normal interstitial fluid and essential body elements. A 
normal individual, especially if obesity is present, may have a significant diuresis 
and loss of weight. A cardiac patient when edema has been removed will re- 
spond to a mercurial diuretic the same way as a nonedematous patient, i.e., at the 
expense of normal interstitial fluid. Subsequent administration of the mercurial 
should be based entirely on the presence of signs and symptoms of congestive 
heart failure and not on maintenance of the lowest possible weight. Daily 
parenteral administration of a mercurial diuretic concomitant with restricted 
sodium and fluid intake has been advocated*® for rapid removal of edema and 
maintenance of the “dry” state. As pointed out previously, such a drastic pro- 
cedure is necessary in only a very small percentage of patients. Rapid dehydra- 
tion does not take into account the serious consequence of severe depletion of 
essential elements from the body including sodium, potassium, calcium, and water- 
soluble vitamins. Mercurialism may occur, especially if the diuretic is admin- 
istered without regard to renal function. If it is necessary to administer the 
diuretic daily, the procedure should be discontinued as soon as diuresis is ini- 
tiated. In any case one must proceed with caution after two or three doses, 
particularly if no diuretic response is elicited. Ample evidence® has accumulated 
that mercurial diuretics may be administered over many years when considera- 
tion is given to renal function and conservative measures are taken to prevent 
excessive dehydration. 

Factors influencing the likelihood, as well as degree, of diuresis have already 
been presented in a recent review.'® In addition to dose and route of administra- 
tion, the most important factors to be considered are (1) whether or not the 
patient is under an optimum digitalis dosage, (2) concomitant administration of 
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acidifying salts, and (3) the amount of physical exertion existing at the time of 
mercurial administration. Additional factors which may determine whether 
or not the patient will respond are hypochloremia, hypoproteinemia, presence 
of ascites, kidney function, smoking, and simultaneous administration of sedatives, 
particularly opiates, isonipecaine (Demerol), and barbiturates. If the patient 
does not respond to a mercurial diuretic, rather than to continue the same 
regimen it is best to re-evaluate the patient to determine which factor or factors 
of those just mentioned have been responsible. The adjustment of dosage or 
route of administration or correction of the above factors will often restore the 
patient’s responsiveness. In advanced patients, combination of diuretic therapy 
with xanthines and mercurials may be of value.” 


Untoward reactions occur with all mercurial diuretics. In view of their 
poteney, the most frequent reactions are those secondary to diuresis. These 
have been well documented and take the form of (1) spontaneous digitalis toxicity 
by mobilization of digitalis from edema fluid, (2) potassium deficiency with 
resultant cardiac depression, (3) tissue dehydration with concomitant weakness, 
muscle cramps, abdominal colic, nausea, vomiting, elevation of temperature, 
progressive stupor, and coma, (4) exacerbation of gout in a susceptible patient, 
(5) tetany due to calcium loss, (6) acute occurrence of pellagra or riboflavin 
deficiencies in patients with malnutrition, and (7) urinary bladder distention 
with back pressure and uremia in patients with hypertrophied prostates. 


Mercurialism is unusual with the currently available preparations. When 
the diuretic is administered without regard to kidney function and lack of diuresis, 
it is a definite possibility. Daily administration of a diuretic either parenterally 
or orally may result in mercurialism. 


Although mercurial diuretics are considered to be one of the safest of paren- 
teral medications, an occasional occurrence of idiosyncrasy and sudden death 
continues to be reported. New reports do not change the basic conclusions 
submitted in a previous review of this subject." Many patients present mild 
hypersensitivity reactions before the fatal injection, and, therefore, the responsi- 
ble diuretic should have been discontinued and another substituted. Second, 
patients with underlying kidney disease, which is in itself an indication for cau- 
tious administration of mercurial diuretics, are more prone to these hypersen- 
sitivity reactions. There still exists, however, the patient who has this severe 
toxicity without either of these two attributes. A survey'® of the history of 
mercurial diuretics discloses the fact that there appears to be a definite latent 
period of clinical use of each diuretic before fatalities from its use are recognized 
and reported. This latent period averages 5 to 7 years from the date of introduc- 
tion of the mercurial to the first reported fatality. All mercurial diuretics appar- 
ently possess this inherent quality for the possibility of an increased incidence 
of sensitivity reactions with expanded and prolonged use. Newer preparations 
have to be observed for at least 7 years before claims of greater safety are accept- 
able. Since this hypersensitivity toxicity is unrelated to route of parenteral 
administration, claims as to the safety of any particular preparation because it 
is administered intramuscularly or subcutaneously are misleading. 
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A survey of the use of mercurial diuretics can lead to only one conclusion. 
These agents are safe and effective when used with due regard to their potency 
and clinical necessity. The unlikely occurrence of mercurialism has led many 
to recommend their unrestricted use and to advocate drastic methods for de- 
hydration as a routine procedure. This has resulted in an unusual number of 
clinical syndromes related to excessive diuresis. Since these exceed by far those 
reactions related to mercurialism or idiosyncrasy, a greater appreciation of their 
significance and of the serious consequence of their occurrence is necessary. 
They may be avoided by cognizance of many pharmacologic and clinical facts 
described herein that require each patient to be individualized for specific diuretic 
therapy. 
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MetuHovs IN MEDICINE. THE MANUAL OF THE MEDICAL SERVICE OF GEORGE Dock, M.D., 
Sc.D. A Comprehensive Outline for Clinical Investigation, Management, and Treatment 
of Patients With Various Medical Disorders. By George R. Herrmann, M.D., Ph.D. 
Second edition, completely revised. St. Louis, 1950, The C. V. Mosby Company, 488 pages. 
Price $7.50. 


Methods in Medicine is a basic requirement for orderly thinking. The present volume 
fills an important place in this regard for the intern, resident, or practitioner of medicine. It 
is so arranged that the patient can be viewed as a whole. It is true that for the sake of clarity 
the various laboratory methods are dealt with in a separate section, but even these are again 
rearranged or broken down to indicate when and where they should be used as courts of first 
appeal, so to speak, to substantiate or clarify what has been concluded or surmised froni the 
clinical history and physical examination of the patient. There has grown up a habit for the 
laboratory services of a hospital or even of a private clinic to be requested to undertake innu- 
merable laboratory examinations, within and without reason, even before the history and physical 
examinations have been completed. 


Ina large part of this volume, there are outlined in detail the points in the history and physical 
examination of a patient which would indicate or suggest a disease of certain systems. It is 
obvious that these must be explored af**r a preliminary history and physical examination have 
been completed, as they would appear to be in logical sequence from the general to the par- 
ticular. There are then outlined the various laboratory examinations that would be indicated 
under such particular circumstances. If the proper answer is not obviously arrived at, this does 
not preclude a re-exploration of the second most likely systemic disturbance. In this methodical 
manner there is set forth a saving of time and speculation. 


The laboratory techniques advised are those in current use and of proved value. Few at- 
tempts have been made to introduce some of the newer methods dependent upon more modern 
equipment which still require the test of time, not so much from the point of view of accuracy as 
from that of utility. 

There is a valuable chapter on the emergency diagnostic procedure in comatose or uncon- 
scious patients and one on management and treatment in emergency situations. These give ex- 
cellent information in a comparatively compact form. 


The chapter on general therapeutic measures is brief and obviously can only touch the high 
spots, as, for instance, only three pages are devoted to the management of diabetes mellitus, 
while dietetic methods are much more fully dealt with and considerable valuable information can 
be gleaned therefrom. 


This is a volume that would be of the greatest assistance to guide the routine and even, at 
times, the special procedures in the wards of a hospital, in the clinic, or even in the office of the 


practising physician. 
M. 
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